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NATTONAL ADVISCORY COMMITTEE FCR AERONAUTICS

RESEARCH MEMORANDUM

A STUDY OF CONICAL CAMBER FOR TRTANGULAR

AND SWEPTBACK WINGS

By John W. Boyd, Bugene Migotsky,
and Benton E. Weizel

SUMMARY

A theoreticsel and experimental study has been made to determine {the
effectiveness of camber in reducing the drag due to 1lift resuliting fjom
pressure forces acting on low-aspect-ratio triangular and sweptback wings.
The wings investigated were derived by lifting-surface theory for soanlec
and supersonic speeds, and the theoretical surfece shapes were modified
to provide airplane surfaces which could be manufactured without undue
difficulty. Design charts are included which aid in the selection of
camber for various sweepback angles and Mach numbers. Experimental data
obtained for certain wings designed from these charts are presented as a
measure of the adegquacy of the theory.

The experimental results for the triangular and sweptback wings
showed that, at high subsonic speeds, the use of a moderate amount of
camber resulted in significent reductions in the drag coefficient above
a 1ift coefficient of spproximately 0.10. Further, the penslties in the
drag coefficient at zero 1lift were small at supersonic speeds. For the
sweptback wing the data showed that, at low speeds (M = 0.22), an increase
in the amount of camber increased the 1ift coefficlents at which the break
in the drag polar occurred. At high subsonic speeds, however, the improve-
ments in the drag characteristics resulting from camber were seriously
reduced when the sections were too highly cambered. Moreover, large
increases in the minimm drag coefficient at supersonic speeds were
incurred.

A comparison of the experimentsl drag polars with those coamputed
from the linear lifting-surface theory shows that for the moderately cam- ¢
bered wings the theory closely predicts the drag coefficients at the 1lift t
coefficient for which the camber was designed. Above the desgign 1lift
coefficlent the experimental drag coefficients were essentially those
predicted from a theory wherein no leading-edge suction wes assumed.
Below the design 1lift coefficient the experimental values fell between
the full-suction polar curve and that for no leading-edge suction.
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The experimental results also show that at subsonlc and supersonic
speeds, the use of conical camber for the triangular wing did not sig- _
nificantly affect the lift and moment characteristics except for a small o
positive increment in pitching moment at zero 1lift. The date for the )
swept wings showed that, at subscnic speeds, the camber delayed to higher o
1ift coefficients the reductlon in longitudinal stability observed for
the uncambered wing.

INTRODUCTION

The total resistance of an airfoil may be considered as belng com-~
posed of two separate components, the drag at zerc lift and the drag
associated with the production of 1ift. In the cruising condition the
latter component can become & significent portion of the total drag of
an airplesne and, therefore, of con51derable importance w1th regard to

range. - - : ==

The drag resulting from the development of 1lift may also be divided
into two components, one assoclated with the viscous forces, that 1s, the
skin-friction drag, and the other resulting from the pressure forees act-
ing on the wing. The change in skin-friction drag with & change in lLift
results primarily from a movement of the boundary-layer transition point.
This movement is, of course, ceused by the pressure gradients acting over
the lifting surface. On aircraft at full scale the boundary layer is
often turbulent over essentlally the entire slrplane surface; hence, the
change in skin-friction drag with a change in lift coefficient is negli-
gible. This-component must, therefore, be removed in wind-tunnel tests
in order that proper estimates of the drag-due-to-lift characteristics
can be made for full-scale alrcraft. The other component of the drag due
to lift, that due to pressure forces, may be estimated by thin-sirfoil
theory. Linear theory, however, predicts very large suctlon pressures
at the lesding edges of planar wings which give rise toc a force in the
thrust direction. Since these pressures cannot be fully developed in a
real fluid, a question arises as to how much of the leading-edge thrust
can be obtalned. Previous experimental investigations (refs. 1, 2, and 3)
have indicated that at transonic and supersonic speeds it is difficult to
develop a significant portion of this leading-edge thrust for plane trisn-
gular wings of smell thiclkmess (3 to 5 percent thick).

#li

A theoreticeal study by Jones in reference 4 indicated that ane way
to sttain an equivalent leading-edge thrust would be to camber the wing
leading edge. In this manner the suction pressures would be distributed
over a relatively large area of the wing rather than concentrated at the
airfoil leading edge. Thus, the magnitude of the pressures necesgsary to
achieve the equivalent of full leading-edge suctlon would be physically
possible. . . N S . - . o

1
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The initisl results of a study directed et determining a cambered
surface for trianguler wings which would provide an equivalent leading-
edge thrust were presented in reference 1. The study showed that incor-
poration of a conical type of camber in an aspect-ratio-2 triasngular wing
resulted in substantial reductions in drag due to 1ift in the crulse 1lift-
coefficient range at transonic speeds.

It is the purpose of the present report to elaborate on the analyti-
cal method for deriving conicel camber for transonic and supersonlc
speeds for wings of trianguler and sweptback plan form. The report also
contains experimental data showing the effects of conical camber on the
1ift, drag, and pitching-moment cheracteristics of low-aspect-ratio tri-
sngular and sweptback wings at subsonic and supersonic speeds. Comparison
of measured draeg polars with those computed from lifting-surface theory
are made to determine the effeciiveness of the design methods.

NOTATION

A slope of any ray from wing apex a

slope of wing leading edge ’m
a slope of any ray from the wing apex, cot ¢
b wing span

- drag

Cp drag coefficient, —ES—-
Cp o drag coefficient of uncembered wing at zero 1lift

~.
~.

ACH increment in drag coefficient above that for zero 1ift for plane
wing, Cp ~ Cp,

CDS drag coefficient resulting from lead_in_g—edge suction .

1ift
as

Cr, 1lift coefficient,

ch_ design 1i1ft coefficient

itching
Cm pitching-moment coefficient, 2 qs%gloment » referred to the

quarter roint of the mean aerodynsmic zhord

$

—_— drag-due-to-Lift factor of plaene wing
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local chord i
b/=2
2 2ay )
mean aerodynamic chord, —%;—————-
/2
c dy
root chord } ) i o
sectlon 1lift coefficient, sectizg 1ift
slope of the lifting surface, with respect to the xy plane
complete elliptic function of the second kind with modulus k
free-stream Mach nmmber
slope of wing leading edge, cct A -
arbitrary positive integer =
pressure difference between upper and lower surface
free-gtream dynsmic pressure E
Reynolds number, based on the mean aerodynamic chord
wing area, formed by extending the leading and trailing edges to
the plene of symuetry '
Cartesian coordinates in streamwise, spanwise, snd vertical direc-
tions, respectively
(The origin is at the wing apex for dimensions referring to the =
wing, except in tables I through VI where x 1s the distance
from the leading edge along the chord, in percent chord, and =z
is the perpendicular distance from the chord, in percent chord.
Por dimensions referring to the body the origin is at the nose
of the body.)
angle of attack of wing root chord, deg
angle of attack at design 1lift coefficlent, deg
NM2 - 1
slope of leading edge of superposed uniformly locaded sector pa'
(see sketch (a))
Q

angle of sweepback of wing leading edge, deg =
O
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) angle of sweepbsck of a ray from the wing apex
Subscripts

a solution for summatlion of superposed sectors

c theoretical cambered surface

mod. modified cembered surface
u constant-load solution for entire wing

a quantities assoclated with angle of attack

THECRETICAL DEVELOPMENT

Genersal Considerations

The theoretical drag due to lift of a wing may be separated into two
components, the vortex drag which depends only on the spanwise load dis-
tribution, and the wave drag due to 1ift, which exists only at supersonic
speedes and 1s a complicated function of both spanwise and chordwise load-
ing over the wing. At transonic and low supersonic speeds, however, the
drag due to 1ift appears primarily as vortex drag which is 2 minimum when
the span loading is elliptical. This condition is fulfilled by the theo-
retical angle-of -attack loading of plane wings of trisngulsr plan form.

Comparison of experimental and theoretical drag characteristics of
thin triangular wings indicates, however, that the low wvaelues of drag due
to 1ift predicted theoretically are not obtained because the streamwlse
force on the wing leading edge due to the high velocity flow around the
edge is not fully realized. Jones, in reference 4, suggested that the
equivalent of this leading-edge thrust could be developed if the wings
were cambered. In this way, physically realizable pressures could be
spread over & finite asres, and such a wing should more nearly attain its
theoretical drag due to lift. Merely requiying that the pressures over
the wing be physically realizsble, however, is not sufficient to insure
low values of drag due to lift. For exsmple, it can be shown that a
trisngular wing which is cambered to give a uniform loading, and thereby
develaps the equivalent leading-edge thrust, has a sigaificantly higher
theoretical drag due to lift than that of a corresponding plane triangular
wing with full leading-edge suction because the span load distribution is
triangulsr instead of elliptical. It is evident, therefore, that in order
to attain low values of drag due to 1ift at transonic and low supersonic
speeds two requirements must be satisfied, nsmely, that the span load
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distribution approximate an ellipse and that the pressures over the wing
be physically realizeble. It should be noted thet in the following
development no attempt is made to minimize the wave drag due to lift Dby
the proper. distribution of the chordwise loading.

A study was undertaken to determine a surface shape that could :
satisfy the two conditions on the loasding. The initial results of this
study, presented in reference 1, showed thet a conical camber could be
derived for a trisnguler wing which met these requirements. In the
following sections the essential features of the derivation of this coni-~
cal cember are presented. Also included are design charts, with a dis-
cussion of their application to trisngular and sweptback plan forms. In
eddition, en approximate method, based on linear theory, 1ls developed for
the camputation of the drag polars of wings incorporating conlcal camber.

Derivation of Cambered Surface

It is convenient in the derivation of the cambered surface to use
as & starting point the slope of the surface required for a uniform load
distribution and to determine the desired camber by superposition of
solutions. In addition, it is convenient to do the major portion of the
analysis for the case of M =+/2. The final results, however, will be
generalized for any Mach number greater than or equal to unity.

The slope of the surface for a uniformly loaded trisnguler wing at
M =+2 msy be obtalned from reference 4 snd can be written as

Ap)

dz ,{ =3 - my + my

e = <q' u l-m (cosh-l X + cosh"l _x_..___. -2.. cosgh™3 _.}...]
dx u W m

|y - mx| [y+m]/ " m EZ
(1)
As pointed out in reference l,l it is possible to superpose an infinite

d(ap/a),
3

number of uniform-locad sectors, each with strength dn eand

b))
leading-edge slope 1, (see sketch (a)) to derive the wing surface corre-
sponding to the loading (&p/q)g-

lThe notation of the present report differs from that of reference 1
in that 17 and m as used herein correspond, respectively, to m and mg
‘of reference 1.
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Sketch (a)
Thus, .
-d<ép_>
n q

dz 1 f e [N1 - TJE <c . X-WY _, XMy
—) == osh + cosh-1
dx/ b Jg dn [ 1 |y - nx] [y + mx]

2 cosh~1 —] an (2)

n v

It will be noted that, in general, singularities in the slope will exist
at the root and at the leading edge of the wing surface defined by equa-
tion (2). The singulerity in (dz/dx), at the root which arises from the
last term of equation (2) leads to a singularity in 2z +vhich cannot be
realized physically. It can be seen from equation (1) that the uniformly
loaded wing has a similar singularity et the root. Thus, by superposing
equations (1) and (2) the singularity at the root can be removed if the
relationship between (&p/q)y and (&p/a)y is

G

= (3)

where n > 0. Integration of equation (3) between the limits of & sand m
gives the additional loading required slong any ray a

(. -t (3,6 - ) &
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Hence, for a cambered surface which is obtained by superposing the slopes
given by equations (1) and (2), the resulting loading may be written, by
adding (Ap/q), to equation (%),

(@) - (Ap>< o) -

n+ 1

The corresponding lift coefficient is denoted the design 1ift coefficient
and is given by
2 Lp
CL, = — 6
Ld n+ 2 (q >u ( )

Thus, the design loading on the cambered wing may also be written in the
form '

AP) _.p+2 n+1

(q | T ame1y Ca \b t A m

h\ A comparison of the span load
AN distributions obtained from egue-

tion (7) for seversel values of n
showed that for the values of n
investigated, n = 3 resulted in a
span loading that was closest to
elliptical (see sketch (b)). Hence,
the value of n = 3 was chosen to
specify the design loading on the
cambered wing. The design loading
(eq. (7)) then becomes

@), T o

Sketch (b)
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The slope of the cambered wing is obtained by adding equations (1)
and (2) and using the design loading to give

5C e
(d.z) Ld[ i-m® (cosh‘ Balalto + cosh~1 oy
Ty mx| [y+ mx|

3

m i
3 f NI (hl:f__’?irJ,th_zy_l dn] )
o y-nx Y+

The integrals in equation (9) were found Aifficult to evaluate analyti-
cally and the following approximation to the square-root term was used:2

N1 - g2 =21 - 0.53 32 (10}

The final expression for the slope of the wing for any Mach number is
then obteined by substituting equation (10) into (9), integrating, and

applying the Pranditl-Glauert transformation to give
( .l_ - BmA_)
————.l.

(‘12) Ld [m - (1- £%) +0.318 g=2(2 'As)}cosrl 1-4

Grm) |

['Jl- B2m2 - (1 + A%) + 0.318 p2m2(1 + A°) :lcosh‘ —
+

Ni-g2m2a2 | _
(o 636 ptmta% - 1.682 p2m2A% - 0. 7615) —-ng— sin”t! pm +

N(1- p2uPA2) (1 - pPw) (11)

BEmZ

<0.7615 - 0.159 g2m® - 0.318 p2m=aZ

zThis estimate was obtained by expanding N1 - 712 in a power series
and averaging the contribution of the third term in the series for values
of 1 equal to O and 0.6.
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The ordinates of the cambered wing, obtained by integra.ting equation (ll),
are given by

() %Ld [ (Nfl-Bzm2 -1+ 0.318 g2m2 (1 - A) + % (1 - A2) -

B - A -
0.0795 8Zm2A(1- A*):lcosh‘l -JT + [(./l_ 82m2 - 1 +
A | -Bim+BmA
0.318 p2m® (1L +A) -5(1- A%) + 0.0795 B2m2A (1 - A"’):Icosh‘l -1 /* .
0.7615 . P [P .
(o.0795 AZ 4+ P o.159>~/(1 - B2mPA2) (1 - p2m@) +
( ng§§5 LEOR - 0.159 puk* ) JT = PR sin~2ga (12)

In the limit as Mach nmnber approaches unity, eq_ua.tions (11) a.nd (12)
reduce to - -

50y o
dz) _ M (,a 1+A 2 2)
<d.xc— 8mm A 'logl-A 3 2A (13)
5ch 1 2
= (1 - A®)log =X A _ 2, e 14
<> [ ( Ylog T 3+A} (14)
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Design Charts for Modified Cambered Surfaces

Triangular wings.- It will be noted that the cambered surface defined
by equation (12) has curvature over the embtire wing (see sketch (c)).
With minor modificatlons, however, the surface can be made plenar over
most of the inboard portion of the wing, thereby making it easier 1o con-
struct. These modificatlions consist of the following changes: First, the
inboard 80 percent of the trace of the cambered surface in a plane normal
to the free-gtream direction is replaced by a straight line tangent to the
trace at the 80-percent-semispan location (sketch (c)). Then, the trace

%
4

~

N\

Sketch (c)

is sheared downward so that the dihedral is removed (second modification,
sketch (c¢)). Finally, a constant value is added to the ordinates in-
order that the modified-wing ordinates (z/k)mgd be equal to zero over
the inboard 80 percent of the wing. This last step is equivalent to
reducing the angle of attack of the wing by an amount equal to

: d? -[@.])

A=0.8

e
—_—= = 0.8
57.3
A=0.8

The final equations for the modified cambered wing may then be writ%en

(glz_> -0 - for 0<A<O0.8
ax
mod

&),.e

%)
<_1.z.> 0.8 c - K&) ] for 0.8<A<1.0
(;x c ’ da X/ A=0.8 -

=0.8 J

p (15)
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and L3
N
Z k4
v =0 fo 0<A<0.8
Ggmd ' ' * SASO

g > (16)
ONCRICYNIRII L1 Ry

A=0.8 J

The slope of the trace at A = 0.8 in the region 0.2 < Bm < 0.8 is

z
a .}?)c 0.298 Bch. ~
det i
A ( )0.961 (de ermined graphically)

A=0.8 v

For a Mach mmber of unity the slope of the trace at A = 0.80 is

Z
a(2)
C
da

=0.2765 EEQ (determined analytically)

The quantities with subscript ¢ are given in equatians (11) and (12).
The effects of these changes to the wing camber on the span loading are
difficult to essess by linear theory. It 1s believed, however, that they
are small. .

The results of equations (15) and (16) have been summarized in the
form of design charts in figure 1 where the gquantities (m/Cr,.)(dz/dx)p.g
and (m/ch)(Z/x)mod are plotted as functions of @m for different values :
of the parameter, A. For any wing of trlangulsr plan form having a glven -
leading-edge sweep angle, design 1ift coefficient, and design Mach number,
the camber shape can be determined directly from these charts.

Sweptback wings.- The design cherts which were derived for triengular
wings in the foregoing section can aleo be gpplied to determine the camber
shaepe of sweptback wings with straight subsonic leading edges which will Lo
have a low value of drag due to 1lift. The surface shape of the sweptback
wing is obteined by celculsting the camber shape of a triangular wing with




NACA RM A55G19 oelsahaniinel 13

a specified design 1ift coefficient which clrcumscribes the sweptback
wing. The manner in which the design 1ift coefficient of the swept wings
can be related to the design 11ft coefficient of the triangular wing will
be discussed in a subsequent section.

As has been discussed previocusly, the camber shape derived for the
triangular wings satisfiles two important requirements that are conducive
to obtaining low vaelues of drag due to Lift: (1) that an equivalent
leading-edge thrust be developed and (2) that the camber loading be almost
elliptical.

The attainment of the equivalent leading-edge thrust, which is
dependent on the megnitude of the pressure acting over the forward portion
of the airfoil is realized to essentially the same extent on various
sweptback wings (see sketches (d), (e), and (£)) as it is on the triangu-
lar wings. Even for the case shown in sketch (£) where the root-trailing-
edge Mach line intersects the wing leadling edge, the pressures in the

Sketch (a) Sketch (e) Sketch (f)

vicinity of the wing leading edge are not greatly affected by the wake
effects (see ref. 5) and the equivalent leading-edge thrust is developed.
In the regions of the wing affected by the wing tip (sketches (e) and (f))
where, according to the linear theory the 1lift is essentially zero, scme
loss in the equivalent leading-edge thrust will occur.

In the application of the camber to the sweptback wings no attempt
has been made to satisfy the condition of almost elliptical span loading.
However, if the spean loading due to camber and the span loading due to
angle of attack are not greatly different, as was the case for the trian-
gular wings, the sweptback cambered wings would reelize at the design
1ift coefficient essentially the theoretical drag predicted for a plane
wing of the same plan form. The effects of this difference in the load-
ings on the drag due to lift can be estimated for the cases shown in ’
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sketches (d) and (e). For cases similar to that shown in sketch (f),
where the treliling wake affects a lesrge ares of the wing, it is more dif-
fiecwlt to evaluate the drag due to lift.

Camputation of Drag Polsrs for Cambered Wings

Trianguler wings.- The drag of a lifting surface mey be obltained by
integrating the product of the pressures acting on the surface and the
inclination of the surface with respect to the free stream, and evaluating
the effect of any singularity in the loading at the leading edge. Since
linear thin-airfoil theory 1s used, the pressures can be superposed and
the drag coefflicient for the cambered wing mey be written

A N RO ORI RS

At the design Mach number, a1l the functions needed in this expres-
sion, except CD » are known from linear theory for the wings which are

cambered over the entire span. The camber loading Cbp/q)c is obtalned
from equation (8); the angle of attack loading Cﬁp/q) may be written

(see ref. 6)
@), 7= o)

the slopes of the cambered wing are given in equations (11) and (13); the
slope due to angle of attack may be written

&), = - G e

and the leading-edge suction term CD » which results from the singularity
in the sngle-of-attack loading, is glven by (ref. ¥)

CDS = -

N1 - p2n® 2
CL - Cry

Ysm
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For a design Mach number of unity, the preceding integrals can be evalu-
ated analytically. For supersonic speeds, however, the expression for
the slope of the cambered surface is unwieldy and the integrals involving
(dz/dx)c, in addition to being cumbersome, have singularities at the
leading edge. Therefore, the integrals were separated into two parts,
one of which contained the singularity and another which was bounded
throughout the interval of integration. The singular part was evaluated
analytically, and the integrals with bounded functions were determined

graphically.

At Mach numbers different from the design Mach mumber, the camber
loading is difficult to obtain by linear theory. Hence, instead of com-
puting the exact linear-theory drag, a method for approximately evalusting
the linear-theory drag of the designed wings st off-design Mach numbers
wag developed. This method is based cn the fact that the slopes of cam-
bered surfaces designed for the same 1ift coefficient but for different
values of the parameter pm, differ primaerily in magnitude; the spanwise
distributions of slopes are very similar. The magnitudes of the slopes,
however, are directly proportional to the design 1ift coefficient (see
eq. (11)). Thus, by proper sdjustment of the design 1ift coefficient,
wings with essentially the same cambers were obtained for different
values of design Mach number. Hence, the lift-drag polar of a wing
designed for & Mach number, M, snd 1ift coefficient, Cr., was assumed to
be, at a Mach number M' # M, the same as the polar for the equivalent
wing designed for M! and CLd’. The polar for the equivalent wing
designed for M! and GLd' was then computed in the menner described in

the preceding paragraphs of this section. For the case of the triangular
wing of the present investigation, which was cambered for CLd_= 0.25

at M = 1.53, it was found that the equivalent design 1ift coefficients,
CLd', were 0.215, 0.231, and 0.325 at Mach mumbers, M', equal to 1.0, 1.3,

and 1.9, respectively.

It will be noted that, in determining the linear-theory drag of the
cambered wings, the leading-edge suction force was included. Since experi-
ments have shown that this suction may not be fully realized, it is of
interest to obtain theoretical estimates of the effects of losing leading-
edge suction on the dreg polars. Hence, theoretical polars were camputed
by & simple no-suction theory in which it is assumed that the usual linesr-
theory pressures still act upon the lifting surface but that any singu-
larities in pressure at the leading edge do not give rise to a leading-
edge thrust, that is, ch is arbitrarily set to zero. '

Since it is apparent, however, that the absence of leading-edge
suction implies a flow that is basically different from the flow assumed
in the usual lifting-surface theory, another method of estimating the
drag polar merits consideration. A slender-body solution for a flow
where no leading-edge suction exists has been cbtained by Brown and .
Michael in reference 7. In the reference paper the. flow over a slender



16 ; - SRS NACA RM A55Gl9

triangular wing in the presence aof leading-edge separation is consildered.
The angle-of-attack losding obtained in reference 7 was, therefore, used
to compute & theoretical drag polar with no leading-edge suction. In
this application i1t is assumed that the angle-of-attack loadlng is still
independent of the camber loading and that the two loadings may be super-
posed. This assumption may not be valid since the loads on the wing are
strongly dependent upon the strength and position of the leading-edge
vortices which, in turn, are nonlinear functions of the boundary condi-
tions on the wing. _

Sweptback wings.- The theoreticel drag pclar of sweptback wings
incorporating conical camber can slso be estimsted. As noted in the
previocus section the surface shape of. the sweptback wings is determined
by specifying the design 1ift coefficient of the triangular plen form
which just circumscribes the sweptback plan form. The question arises,
however, as to what to consider as the design 1ift coefficlent of the
sweptback wings.

For cambinstions of plan form and Mach number where there are no
trailing-edge or tip effects (see skeich (d)) the design lift coefficlent
is easily determined. 1In such & case, the design loading on the swept-
back wing is the same as that on the triangular wing and is given by
equation (8). It should be noted that the design 1lift ccefficient, CL%,
in equation (8) refers to that of the trianguler wing which circumscribes
the sweptback wing. Thus, by integration of the loading gliven by equae-
tion (8) over the area of the sweptback plan form, the design lift coeffi-
cient of the sweptback wing can be obtained in terms of the design 1lift
coefficient of the triangular wing.

For configurations such as shown in sketch (e), where the camber
loading is influenced by the tip effects, the design 1lift coefficilent can
be closely approximated. The assumption is made, based on linear-theory
considerations that no lift is carried on & 1lifting surface behind the
tip Mach line and, therefore, there is no drag due to 1lift. Further, the
small amount of 1ift_due to cember behind the Mach line from the tip is
neglected. The camber loading is then integrated over the wing plan form
bounded hy the root chord, the leading and trailing edges, and the tip
Mech line. For the configuretions which are affected both by the trailing
wake and by tip effects (see sketch (f)) the determination of the design
1lift coefficient and, thus, the drag polar is difficult. At present no
attempt has been made to compute the drag polar of e sweptback wing incor-
porating conical camber at Mach numbers where tralling wake effects
predomingte. -



‘from which the surface shape of the

NACA RM A55G19 Y 17

For the sweptback wings of the present investigation the theoretical
drag polars have been computed for s Mach number of 1.0. For this compu-
tation the assumption has been made that no 1lift is carried behind the
tip Mach line (see sketch (g)). The total 1ift and drag due to 1lift
experienced by the sweptback wing at & Mach number of 1.0 is, therefore,
assumed to be that experienced by the triangular plan form shown in
sketch (g).

l

From the above consideration of
equating the totel 1ift of the two
plan forms shown in sketch (g), the
design 1ift coefficient of the swept-
back wing can be obtained simply by
muitiplying the design 1ift coeffi-
cient of the trianguler wing by the
ratio of the areas of the triangular
wing to the area of the sweptback
wing. The drag coefficient can, of
course, be obtained in g similar
menner. For the sweptback wings I
presented herein, the equivalent Mach line
design 1ift coeffilclents at a Mach
number of 1.0 of the trisnguler wing

N4

\\\\\\\\

N

sweptback wings were determined were

0.30 and 0.39; the corresponding Sketch (g)
equivalent design 1ift coefficients at & Mach number of 1.0 for the swept-
back wings as obtained from the above procedurée were 0.225 and 0.292,
respectively.

APPARATUS AND MODELS

Test Facilities

The experimental studies were conducted Fér the most part in the
6- by 6-foot supersonic wind tunnel, which is & closed-circuit, veriable-
pressure-type wind tunnel with s Msch number range from 0.6 to 0.9 and
from 1.2 to 1.9. A detalled description of the wind tunnel and the char-
acteristics of the air stream at supersonic speeds is availasble in refer-
ence 8. The low-speed (M = 0.22) characteristics of some of the models
were obtained through additional tests in the 12-foot low-turbulence
Pressure wind tunnel, which is also a closed-circult, variable-pressure-
type wind tunnel. More detsiled information concerning this wind tunnel
can be obtained from reference 9.

In both wind tunnels the models were stling-mounted, and the forces
and moments measured with an internal, electrical, strain-gage-type

balance. B ..
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Selection of Models

The present research program was- directed primarily to the investi-
gation of the effects of conical camber on the drag characteristics of
wings with sweptback leading edges. For the present investigation two
wing plan forms were selected: (1) a triangular wing of aspect ratio 2
end (2) a wing of aspect ratio 3 with 45° sweepback of the leading edge
end taper ratio of 0.40. Sketches of the model plan forms are shown in
figure 2. The wings were tested with both plane (uncambered) and coni-
cally cambered mesn surface shapes.

Three uncambered wings were investigeted in this program, one of
triangular plan form and two of swept plan form. The triasngular wing
haed NACA 0003-63 alrfoil sectioms in streamwise planes. One swept wing,
the basic wing, had NACA 64A006 sections perpendiculer to the quarter-
chord line of swept airfoil sections and the other incorporated the same
sections with a leading-edge modification consisting of an increase in
the radii of the sections (see fig. 3). The maximm thickness of the
sweptback wings was 5 percent in streamwise planes. The coordinstes of
the airfoll sections used on the uncambered sweptback wings are presented
in tebles I and II.

Four cambered wings, one of triangular plan form and three of swept
plan form, deslgned according to the procedure described in the section
entitled "“Theoretical Development" were also investigated. The camber
for the triangular wing and a representative sweptback wing is illustrated
in figure 4, wherein sketches of airfoll sections at several spanwlse
stations are presented. The values of the principal design variables for
these wings are summarized in the following table:

Equivalent
lan Design | Cy, design 1ift Thickness Table for
Flan form Bm d coefficient " | coordinates
at M=1.0
Triangular  0.577 (0.250 0.215 3 percent IIT
5 percent
0] 225 .225 with modified Iv
leading edge?
Sweptback ST .330 .292 5 percent v
5 percent
STT .330 .292 with modified Vi
leading edge™*

15ee figure 3.
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Also included in the table 1s the equivelent design 1ift coefficient
at a Mach number of 1.0 (see "Theoretical Development”). Henceforth, the
cambered wings will be identified by their equivalent design 1ift coeffi-
cient &t a Mach mmber of 1.0.

In order to determine the effects of Reynolds number on the drag
characteristics, tests were also made on a plane triangular wing which had
NACA 0005-63 sections.

The body used in conjunction with the wings was that designed to have
a minimum wave drag for a given volume (Seers-Hasck). In order to accom-
modate the internal strain-gage balance, the body was cut off as shown in
figure 2. The equetion of the body is included in figure 2(a). For all
models the ratio of the maximum cross-sectionsal arez of the hody to the
plan~-form area of the wing was 0.0509.

TESTS AND PROCEDURES

Range of Test Varlsbles

N

The experimental portion of the investigation was extended over as
wide a range of attitudes and Mach nmumbers as possible to ¢btaln data
which would permit an assessment of the merits or demerits of the wings.
In general, angles of attack from -6° to l7° were the limits of the
range of this varisble, except at transonic speeds where there was a
reduction due to choking of the flow. The range of test Mach numbers
end Reynolds numbers for the veriocus models is shown in detail in
teble VII. Also noted in table VII is an index to the tabulated experi-
mental data.

At the low Reynolds mmbers (less than 10°) obtainable in most wind
tunnels, extensive regions of laminar flow can exist on the wings when
no lift is developed. As 1ift is developed the pressure gradients acting
over the wings change. These changes in pressure gradients cause the
boundary-layer transition point to move, thus changing the magnitude of
the friction drag. Under such test conditions it would be extremely dife
ficult, if not impossible, to lsolate the effect of conical csmber on the
drag due to 1ift resulting from the pressure forces. It 1is evident,
therefore, that the change in skin-friction drag with a change in 1ift
must be minimized. In the present investigation this was done by placing
roughness strips along rays near the wing leading edge on both upper and
lower surfaces to induce transition (see fig. 2). The trensition strips
were prepared by epplying number 60 carborundum onto & thin layer of lac-
quer. It should be noted further that the drag-due~to-1ift resultis
obtained with transition fixed are more representative of flight at much
higher Reynoclds numbers, wherein fully turbulent flow is to be expected
at all angles of attack, than are the transition-free results.
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Reduction of Deata

The data presented herein have been reduced to standard NACA coef-
ficient form. The pitching-moment coefficient has been referred to the
qusrter point of the mean aerodynamic chord.

The results obtained in the Ames 6- by 6-foot supersonic wind tunnel
heve been corrected for the following effects 1n accordsnce with the pro-
cedures shown in reference 10:

1. The induced effects of the wind-tunnel walls at subsonic speeds
resulting from 1ift on the model.

2. The change in Mach number at subsonic speeds resulting from the
constriction of the flow by the wind-tunnel walls.

3. The effect of support interference on the pressure at the base
of the model. The base pressure was measured and the drag was
adjusted to correspond to that drag which would exist if the base
Pressure were equal to the free-stream pressure.

L. The effect of stream inclination. -Data presented for the swept-
back models have been corrected for this effect, the correctiom being
of the order of -0.15°. Sufficilent data were not availsble for the
triangular wings to permit a correction for this effect. However,
incremental effects such as those due to camber would not be affected

by this omission. :

5. The longitudinal force on the model due to the streamwlise varia-
tion of the static pressure as measured in the empty test section.
The magnitude of this correction to the drag coefficient was always
less than 0.0010.

Date obteined in the 12-foot wind tunnel were corrected for the first
four effects. (The stream inclination correction amounted to +0.10° for
these data.)

RESULTS AND DISCUSSION

Drag Characteristics

The primsry purpose of the present investigation was to evaluate
the effectiveness of conical camber in reducing the drag due to 1lift
resulting from the pressure forces acting on trilangular and sweptback
wings. The theoreticel analysis shows that a wing incorporating conical
camber should realize a lower value of drag due to lift than a plsne wing
of the same plan form, if the camber 1s such that (l) vrhysically realiz-
able pressures exist over the wing (particularly near the leading edge)
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and (2) the spen loading is nearly elliptical. In order to evaluate
experimentally the effects of such camber on the drag characterlstics of
low-aspect-ratio wings, a triangular wing of aspect ratio 2 and a h5°
swept wing of aspect ratio 3 incorporating conical camber were investi-
gated over a wide range of test variables.

The initial results of the investigation, presented in reference 1,
indicated that substantial reductlons in the drag due to 1ift could be
obtained through the use of conical camber on an aspect-ratio-2 triangular
wing. The data presented in reference 1, however, were all obtained with
transition free; hence the drag-due-to-1ift characteristics include any
veriations resulting from changes in the skin-friction drag coefficlent
with 1ift coefficient. Further, it was found that some of the drag data
presented in reference 1 (for the wings cambered to approximate an ellip-
tical span load distribution) were in error.2® Thus, the data in the
present report should be used in lieu of the results of reference 1. The
experimental dats obtained in the present investlgastion are presented for
the complete range of test variables in tables VIII through XV. For the
purpose of analysis only certain pertinent data are presented graphicslly.

Effect of Reynolds number.- Before evaluating the effectiveness of
conical camber on the drag characteristics, it is necessary to determine
any changes in viscous forces with changes in 1ift coefficlilent and
Reynolds number. Changes in viscous forces were believed to occur prims-
rily as a result of a& movement of the boundary-lesyer transition point.

To establish the relative importance of the movement aof the transition
point on the drag characteristics, tests were conducted over a wide
Reynolds number range with fixed and free transition. The results of
these tests are shown in figure 5 for a 5-percent-thick plane wing for
Mach numbers of 0.8L, 0.90, and 1.30. These data demonstrate that, as
Reynolds number was increased from 2.8x10® to 11.3x108, the drag due to
1ift of the wing with free transition appeared to decrease rapidly (see
fig. 5(a)). The results obtained with fixed tramsition which simulated
the fully turbulent boundary layer, characieristlic of full-scale Reynolds
numbers at transonic and supersonlc speeds, showed a considerably smaller
reduction in drag due to 1lift with increasing Reynolds number. Further-
more, as can be seen in figure 5(b), with free transition the drag coef-
ficient at zero 1ift increased with increasing Reynolds number, while
with fixed transition the drag coefficient at zero 1lift decreased with
increasing Reynolds number. These data are strong evidence that a sig-
nificant part of the apparent change in drag due to 1lift with Reynolds
number for the plane wing with transition free is the result of a move-
ment of the transition point and the associated change in skin-friction
drag as Reynolds mumber and 1lift coefficient were varied. Thus, in order

sThe drag coefficients presented in tables XVII and XVIII of refer-
ence 1 are generally in error sbove a 1lift coefficlent of approximately
0.20.
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to eliminate the effect of movement of the transitlon polnt on the drag
due to 1lift it is necessary to fix the transition point near the wing
leading edge. ’ o i )

The question as to what effects further increases in Reynolds number
to full-scale values might have on the drag-due-to-lift characteristics
still remains. Sufficlent high Reynolds number date are not available
at transonic and supersonic speeds to permit a definitive evaluation of
this effect. However, in view of the smell change In drag due to 1lift
noted over the Reynolds number range tested it seems unlikely that further
increases in Reynolds number would result in lerge reductions in the drag
due to lift for plane wings.

From a limited amount of data obtained for a 5-percent-thick cambered
wing (fig. 6) it is fairly evident that with free or fixed transition the
increment in drag above the zero l1ift drag, in general, changed only
slightly with Reynolds number. This result indicates that the camber may
have induced transition naturslly near the leading edge of the wing. That
the boundary layer was turbulent over most of the cembered wing, with free
or fixed transition, is further indicated by the decrease in drag coeffi-
clent at zero lift with increasing Reynolds number in both instances.

The forward transition of the boundary-layer flow on the cambered wing
appears to be conmsistent with studies presented 1n references 11 and 12.
These studies showed that boundary-layer instability occurred on highly
swept wings as a result of the three-dimensional nasture of the potential
flow which gave rise to a spanwlse pressure gradient on the wing. The
addition of the camber used herein appears to have resulted in more severe
spanwise pressure gradients at zero 1lift, and thus a more unstable boundary
layer, than that of the plane wing.

It will be noted that there is a Grag increment assoclated with the
transition strips, as indicated by the highest Reynolds number data for
the plane wing (see fig. 5(b)); transition strips must therefore be used
an all the wings for proper camparisons. That the high Reynolds number
data of the plane wing are indicative of the drag increment associated
with the transition strips is further substbantiated by the results of the
cambered wing (fig. 6) which shows essentially the same drag increment
throughout the Reynolds number range. Since the drag increment resulting
from the transition strips is essentially the same for both the plane and
the cembered wings, a direct comparison of the results with transition
fixed is permissible.

Effects of conical camber - triangular wings.- The effectiveness of
conical cember derived in the previous sectlons in reducing the increment
of drag resulting from 1ift is shown in figures T and 8. These data show
that the use of conical camber results in substentisl reductions in drag
at 1ift coefficients sbove 0.10 at high subsonic speeds (M=0.81 and 0.90).
At 1ift coefficients of 0.30 and above, these reductions of drag coeffi-
cient smounted to more than 0.0100. Such reductions would greatly improve
the performsnce of aircraft designed to cruilse in this lift-coefficlent

\J
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range at transonic speeds. In addition, the date. show that conicel camber
can be employed without incurring undue penalties in the supersonic drag
characteristics, the meximm increase in minimum drag coefficient being
about 0.0030 at M = 1.7. The beneficial effect of the camber in reducing
the drag due to 1ift was greatest at subsonic speeds; however, as can be
seen in figure 8, reductions in drag due to lift with resulting reductions
in total drag at 1lift coefficients of 0.20 and above were also realized
et supersonic speeds. Thus, despite the penalty in minimmm drag due to
camber at supersonic speeds, the maximum 1ift-drag ratic of the cambered
wings, which occurs at a lift coefficient of epproximately 0.2, is never
lower than that of the plane wing for Mach numbers up to 1.90.

As 8 mesns of further demonstrating the effectiveness of the design
methods used to improve the drag-due-to-lift characteristics, the measured
drag polars for the cambered wing are compared in figure 9 with those
computed from linear theory. Experimental data for Mach numbers of 0.90,
1.30, 1.53, and 1.90 are compared, respectively, with computed polars for
Mach numbers of 1.0, 1.30, 1.53, and 1.90. Theoretical polars for the
cembered wing are presented for the conditions of full leading-edge suc-
tion and no leading-edge suction. For & Mech number of 1.0 there are
shown two theoretical cambered-wing polars for the case of no leading-edge
suction, the derivations of which are discussed in "Theoretical Develop-~
ment.” Tn addition, the ideal drag polar for the plane wing with full
leadlng-edge suctlon at M = 1.0 is shown. Experimental values of CD
for the plane wing were used in computing the theoretical polars for both
the plane and the cambered wing.

It is interesting to note that at & Mach number of unity where no
wave drag exlsts the theoretical polar for the cambered wing closely
approximates the theoretical polar for the plane wing, full leading-edge
suction being assumed in both cases. This similarity of the two polars
is a consequence of the fact that, in the design of the conically cambered
wing, the span load distribution resulting from camber was very nearly
equal to that due to angle of attack which for triangular wings is ellip-
tical. Had the span loading due 10 camber been exactly the same as that
due to angle of abiack the two polars would have been identical.

The calculstions for a Mach number of 1.0 show that the no-leading-
edge-suction polars ds well as the full-suction polar agree with the
ideal-plane-wing polar at the design 1ift coefficilent (O 215) but depert
as the 1lift coefficient is increased or decreased fram this value. The
predicted values of the drag coefficient for no-leading-edge suction
based on the solution of reference T are somewhat less than those pre-
dicted from the simple no-suction polar above or below the design 1ift
coefficient.

A comparison of the experimenteal data obtained at a Mach number of
0.90 with the theoretlcal polar for a Mach number of unity shows that
conical camber is quite effective near the design 1ift coefficient, the
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increment in drag due to 1irt* being equal to the minimm drag due to
1ift increment possible for a wing of this aspect ratio. At 1lift coef-
ficlents less than the design value the experimental drag coefficlents
lie between the theoretical cambered wing polar for full leading-edge
suction and those for no leading-edge suction. It is gratifying to note,
however, that only s small penalty in the drag coefficleant at zerc 1lift
was incurred from the camber, indicating that a significant amount of the
leading-edge suction due to the pressure peak in the vlicinlty of the nose
is still being achieved when the 1ift coefflcient is less than the design.
Although it might be expected that scme leading-edge suction would be
realized at smell 1ift coefficients above the design, such is apparently
not the case; the experimental drag coefficients are generally scmewhat
greater than those predicted by the no-leading-edge-suction polars.

At supersonic speeds the agreement between the theoretical full-
suction poler and experiment is reasonably good near the design 1lift coef-
ficient although the experimentsl drag is generally somewhat higher than
the theoretical value. Qualitatively the agreement between theory and
experiment at Mach numbers of 1.30 and 1.53 is similar tco that shown at
a Mach number of 0.90. At a Mach number of 1.90, however, the drag polar
caleulated for the case of full leading-edge suction predicts closely
that obtained experimentaelly up to a 1ift coefficient of spproximately
0.30.

Effects of conical cember - sweptback wings.- It was shown in the
theoretical study presented herein that the conlcal camber derived for
triangular wings should also be effective in reducing the drag due to
1ift of thin sweptback wings at transonic speeds. Sweptback wings incor-
porating two different amounts of this conicael camber were therefore
investigated to determine experimentally the effectiveness of this camber
on such plan forms. In addition, to improve the low-speed characteristics
(M < 0.25) an increase in the nose radius was incorporated on some of the
sweptback wings. As shown in figure 10, the effects of this modification
to the nose radius were found to be generslly small throughout the speed
range wherein the date were obtained (M > 0.60) for both the plane and
cambered wings. The exception to this result 1s the case of the cambered
wing at high 1ift coefficlents near a Mach number of 0.60 wherein the wing
with the modified nose radius bad lower drag coefficlents. Unfortunately,
deta were not available which would permit a direct comparison of the
plane and cambered wings with the same nose radius for Mach numbers equal
to and grester than 0.60. However, in view of the small effects of the
nose redius on the drag characteristics of both the plene and cambered
wings, the results presented in figures 11 and 12, in which the date for
the plane wing with the normsl nose radius asre compared with the results

4The increment in drag due to lift of the cambered wing is considered
+o be that increment in drag sbove the minimum drag coefficient (CDO) of
the plane wing.
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for the cambered wing with the modified nose radius (for M > 0.60), are
believed to show primerily the effects of camber. The results presented
for a Mach number of 0.22 compare the data of the variocus wings with the
modified nose radius.

Examination of the results of Ffigure 11 shows that at a Mach number
of 0.22 the effect of camber on the drag coefficient is small at the
lower 1lift coefficients whereas large improvements are evident at 1lift
coefficients above 0.50. The apparent ineffectiveness of the camber in
reducing the drag coefficient at 1lift coefficients below 0.50 is not
surprising in view of the fact that the plane wing realized almost the
minimim drag-due-to-1ift increment possible for a wing of this aspect
ratio, thereby precluding a further reduction in drag. This low drag is
assoclated with the fact that at low speeds the minimum pressure coeffi-
cient attainable at the wing leading edge is conslderably lower than that
at transonic speeds. Thus, the leading-edge suction force necessary for
the attainment of low drag due to 1lift is more likely to be attained.

At the higher 1ift coefficients at s Mach number of 0.22, consider-
able reductions in the drag coefficients were obtalned through the use
of camber. As shown in figure 11 there occurs a bresk in the drsg polar
of the plene wing at a 1lift coefficient of spproximately 0.50. The value
of the 1lif{t coefficlent at which the rapld increase in the drag coeffi-
cient occurs is increased as the smount of camber is increased. These
results indicate that attached flow was maintained on the cembered wings
to scmewhat higher 1ift coefficients than on the plane wings. A com-
parison of the resulis with data for lower Reynolds numbers, not presented
graphically, indicated that increasing the Reynolds number resulted in a
similar improvement in the drag characteristlce at high 1ift coefficients
for the plane and cambered wings. Thus, Ilncreasing the Reynolds number
appears to have the same effect as camber in delsying to a higher 1ift
coefficient the onset of flow separation. It 1s probable that further
increases in Reynolds number would result in further improvements in the
low-speed characteristics of the plane and cambered wings.

The effects of camber on the drag characteristics at higher subsonlc
speeds (M 2{0.60) are conslderably different from those noted at a Mach
number of 0.22. (See figs. 11 and 12.) At subsonic Mach numbers of 0.60
or grester the amount of camber incorporsted in the wing was found to
have a significant effect on the drag coefficlent throughout the 1ift-
coefficient range. Examination of the 3data shows that cambering the wing
for s design 1ift coefficient of 0.225 resulted in substantial reductions
in the drag coefficients at a 1lift coefficient abowve 0.10. For 1lift coef-
Ficients less than 0.50, the more highly cambered wing always experienced
drag coefficients that were greater than those of the moderately cambered
wing. It is evident from these results that, especially et high subsonic
speeds (M > 0.8), the improvements in drag resulting from camber can be
seriously reduced if the sections are too highly cambered.
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It is likely that the asdverse effects of overcambering the wing are
due to the effects of compressibility similar to those shown for two-
dimensionsl wings in reference 13. These section data showed that
improvements in the drag characteristics accompanying incresases in the
amount of camber were in evidence at low and moderate Mach numbers but
that the advantage of camber disappeared at the higher Mach numbers.

The incorporation aof a large amount of camber actually resulted in dele-
terious effects on the drag characteristics at Mach numbers of 0.8 and
above. . - - - .

At supersonic speeds the wing caembered for a lift coefficlent of
0.225 showed & smdll penslty in drag coefficient at zero lift, a meximmum
increase of approximately 0.0020 occurring; whereas the more highly cam-
bered wing showed e penslty of approximstely 0.0045. It should be noted,
however, that a small part of the increment in the drag at zero 1lift
experienced by both of the cambered wings is due to the increase in nose
rediue shown previocusly (see fig. 10). Further examination of the data
ghows that the drag due to lift at supersonlic speeds was reduced by cam-
ber, with the result that no penalty in drag coefficlent was incurred
for the moderately cembered wing at 1lift coefficients above 0.10. The
drag coefficients ©f the more highly cambered wing, however, were greater
than those of both the plane and the moderately cambered wing at sll 14ft
coefficients. :

A comparison of the experimental and theoretical polars for the
sweptback wing (see fig. 13) is interesting in that it indicates the
applicability of the design methods, which were orlginally derived for
trisngular plan faorms, to sweptback wings. (It should be noted that the
experimentel dats for & Mach number of 0.90 are campared with the theory
for a Mach number of 1.0.) Here, as for the triangular wings, the theo-
retical cambered-wing polars are in close agreement with the ideal polar
for the plene wing assuming full leading-edge suction in each case. The
cambered-wing polar for no leading-edge suctlon departs from the ideal
polar as the 1ift coefficient deviates from the design 1ift coefficient.
The results show that, for the wing cambered for a 1lift coefficient of
0.225, the experimental drag coefficient is in excellent agreement with
the predicted value near the design 1lift coefficient. As the 1ift coef-
ficient 1s increased from the design point the experimental drag coeffi-
cients are essentilally those predicted by the no-suction polar. At lift
coefficierits less than the design value, the experimental values fall
between the full-suction polar and that for no leading-edge suction.

The smell penelty in the drag at zero 1lift suggests that a portion of
the leading-edge suctlon is still being realized below the design
condition.

For the more highly cambered wing the experimental drag coefficient
at the design lift coefficient 1s somewhat greater than that predicted
by the theory. This disagreement between the theory and experiment is
believed to be due, in part at least, to the fact that for this amount
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of camber the adverse effects of compressibility at M = 0.9 result in
high experimental drags. Above the design lift the experimental drag is
greater than that predicted by theory whereas below the design condition
the experimentel data are generally between the full-suction and no-
suction polars.

The preceding results have shown that large reductions in the drag
coefficients can be realized at transonic speeds on a triengular and &
459 gweptback wing by the use of conical camber. However, the results
availsble on the sweptback wing have shown that excessive camber can
seriously affect the benefits possible at transonic speeds as well as-
result in large penslties at supersonic speeds. The results of figure ik
which present the incremental drag coefficient due to camber as a function
of design 1lift coefficient at several Mach numbers are presented as a
guide to indicate the amount of conical camber that should be incorporated
in an aircreft utilizing a 1459 sweptback wing. It is evident from these
data that to realize the maximum gains at transonic speeds the camber
employed should not exceed that corresponding to a design 1lift coefficient
of approximately 0.22. Moreover, it appears from the limited data avail-
able that the use of somewhat less camber might result in essentially the
same benefits in drag as obtained in the present experimental investiga-
tion. Any reduction in the amount of camber would, of course, result in
smeller penalties in the drag near zerc lift at supersonic speeds.

Lift and Moment Characteristics

During the investigation, experimentel results were also obtained
showing the effects of conical camber on the 1lift and moment characteris-
tics of the trianguler and sweptback wings. A brief description of these
results is included herein. '

Trisngular wings.- It is well known that the serodynamic center and
the 1ift-curve slope near zero lift are primarily functions of wing plan
form, and are uninfluenced by the provision of camber. Such a result is
shown in figure 15, wherein the 1lift and pitching-moment curves of the
cambered wing are essentially parallel with those of the plane wing but
are displaced slightly. The small positive shift in the angle of zero
1ift, which is due to washout resulting from the camber, is of little
significance but the positive shift in pitching moment at zero 1ift, the
megnitude of which decreased with increasing Mach number, would result
in a small decrease in the trim drag of an airplsane.

N —

Sweptback wings.- Examination of the data of figure 16 shows that
throughout the Mach number range investigated, the sliope of the 1ift and
pitching-moment curves near zero lift were essentially unaffected by
camber but that the curves were slightly displaced. The small negative
shift in the pitching moment resulting from camber would result in small

increases in the trim drag.
«u
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The results for a Mach number of 0.22 show that the range of 1lift b
coefficients whereln the 1ift curve was essentially linear was increased
through the use of camber, indicating that attached flow was maintained
on the cambered wings to somewhat higher 1lift coefficients than on the
plane wing. These improvements in the flow characteristics resulting
from camber were also reflected in improvements in the static longlitudinal
stebillity at high 1lift coefficients at subsonic speeds. The reduction in
longitudinal stability for the plane wing at a Mach number of 0.22, which
nanifested itself as an unstable break in the pitching-moment curve at a
lift coefficient of 0.60, was delayed to a 1lift coefficlent of approxi-
mately 0.75 and 0.85 on the wings cambered for 1lift coefficients aof 0.225
and 0.292, respectively. The reduction in longitudinal stability for the
plane wing at high subsonic speeds was also alleviated to some extent by
the tamber. At supersonic speeds the 1ift curve and the longitudinal
stabllity remained essentially unchanged by camber.

CONCILUSIONS

A theoretical and experimental investigation was made to determine

primerily the effectiveness of conical camber in reducing the drag due to -

1lift resulting from pressure farces acting on low-aspecti-ratio triasngular
and sweptback wings. The results of this investigation showed:

l. The use of a moderate amount of camber resulited in significant
reductions in the drag coefficient above a 1ift coefficlent of 0.10 at
high subsonic speeds for both trianguler and sweptback wings. Further,
the penslties in drag at zero lift were small at supersonic speeds.

2. Increasing the amount of camber on the sweptback wing resulted
in some improvements in the drag characteristics at high lift coefficlents
at low speed, but at high subsonic¢ speeds the improvements In the drag
characteristics were seriously reduced. At supersonlc speeds increasing
the amount of camber resulted in large increases in the drag coefflcients.

3. The drag coefficients predicted by lifting-surface theory were
in close agreement with experimental results at the 1ift coefflecient for
which the camber was designed for the moderately cambered wings. Above
the design 1ift coefficient the experimental drag coefficients were essen-~
tlally those predicted from a no-suction theory; below the design 1ift
coefficient the experimental values fell between the full-suction polsr
and that for no leading-edge suction. .

4. The 1lift and moment characteristics of the triangular wing at
subsonic and supersonlc speeds were not significantly affected by cember.

e
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The reduction in longltudinal stability observed for the uncambered
sweptback wing at subsonic speeds was delsyed to higher lift coefficients
by the use of camber.

Ames Aeronauticel ILsboratory
National Advisory Committee for Aeronautlcs
Moffett Field, Celif., July 19, 1955
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TABLE I.- COORDINATES OF AIRFOIL SECTIONS FOR PLANE WING OF ASPECT RATIO

3 WITE 45° SWEEPBACK, 5 PERCENT THICK WITH NORMAL LEADING EDGE

[Coordinates are presented for sections parallel to the plane of symmetry
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TABLE IT.- COORDINATES OF ATRFOIL SECTIONS FOR PLANE WING OF ASPECT RATIO

3 WITH 45° SWEEPBACK, 5 PERCENT THICK WITH MODIFIED LEADING EDGE
[Coordinates are presented for sections parsllel to the plane of symmetry
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TABLE III.- COQRDINATES OF ATRFOIL SECTIONS FOR TRIANGULAR WING OF ASFECT
RATIO 2, 3 PERCENT THICK, CONICAILY CAMBERED FOR Cry=0.215 AT M = 1.0
[Coordinates are presented for sections parallel to e plane of symmetry.]

2y/o x z b z X z
percent ¢ percent c percent ¢ percent c percent ¢ percent ¢
o® 4] o] 20.000 1.435 70.000 .916
1.250 473 25.000 1.485 80.000 .656
2.500 .653 30.000 1.500 90.000 .362
5.000 .688 35.000 1..488 95.000 .202
7.500 1.050 %0.000 . 1.150 100.000 .032
10.000 1.170 50.000 1.323
15.000 1.336 60.000 1.141
Upper surface Iowver surface Upper surface Lower surface
2y/b x z x z 2y/v x z x z
percent c percent c percent ¢ percent ¢ percent ¢ percent ¢ percent ¢ percent ¢
o0.20% 0 -.522 ¢] -.522 0.60% 29.737 1.h3h 29.788 ~1.5Th
1.154 .22h 1.283 -.713 34.760 1.486 3k.78¢e -1.500
2,408 548 2,504 -.T72 40.000 1150 Lo.000 -1.450
h.926 .879 h.963 -.901 50,000 1.323 50.000 -1.323
T7.500 1.050 T.500 1.050 60.000 1.14) 60.000 -1.141
10.000 1.170 10.000 1.170 TO.000 .916 70.000 -.516
15.000 1.336 15.000 1.336 80.000 656 80.000 -.656
20.000 1.135 20.000 1.435 90.000 .362 90, 000 -.362
25.000 1.485 25.000 1.485 i 95,000 . 202 95.000 -. 202
30.000 1.500 30.000 1.500 100.000 .032 100.000 -.032
35.000 1.488 35.000 1.488 a
L0.000 1.450 Lo.000 1.450 0.80 [s] -8.354 0 -8.354
50,000 1.323 50.000 1.323 1.015 -T.k72 T4 -B.396
60,000 1.141 60.000 1.14) 2,221 -6.810 2.618 -8.060
70.000 .916 70,000 .916 4.633 -5.854 5.089 =7.5T5
80.000 .656 80.000 656 T7.07h -5,084 T.545 -7.089
90.000 .362 90.000 .362 9.545 -%,383 10.016 6,692
95,000 202 ° 95.000 .202 1k.502 -3.32h 14.943 -5.971
100.000 .032 100.000 .032 19.503 -2.530 19.865 -5.339
a 24,189 -1.82k 24.842 .780
0.0 0 -1.392 0 -1.392 29.504 -1.235 29.798 ~k.236
1.103 -.5L4k 1.313 -1.465 34.50% -.82L 34,799 -3.79%
2.828 -. 137 2.539 -1.426 39.550 -0 39.756 -3.3683
4,818 Jhoo .99k -1.343 49,595 .089 kg, Th2 -2.618
T.317 -T79 T.455 -1.318 59.656 .32k 59.759 -1.971
9.832 1.03h 9.92k ~1.304 67.745 456 8ok -1.383
14.856 1.338 1k.885 -1.289 79.232 JHTL 79.261 -.538
20,000 1.435 20.000 -1.435 89.910 .368 8g.910 -.353
25,000 1.485 25.000 -1.485 9h.955 221 9k.954 -.191
30.000 1.500 30.000 -1.500 100.000 .029 100.000 -.029
35.000 1.488 35.000 -1.488
ko.000 1.450 Lo.000 -1.450 |} 0.90% 0 -19.23% 0 -19.235
50.000 1.323 50.000 -1.323 || .9 -18.206 1.512 -19.059
60.000 1.1% 60.000 =114 2,1h7 ~17.472 2,382 -18.
70.000 .916 70.000 .916 4,588 =16.4TL 5.176 ~18.176
80.000 656 80.000 .656 7.000 -15.538 7.588 ~17.4h1
90.000 .362 90.000 .362 14,412 ~13.088 15.029 -15.706
95.000 .202 9% 000 .202 19.382 -11.882 20,000 -1k, TO6
100000 .032 100.000 .032 24,382 =10.794 24,941 -13.735
a 29.353 -2.735 29.882 -12.735
0.60 o] -3.133 0 -3.133 34,382 -9,000 34,882 =11.97L
1.066 -2.221 " 1.339 -3.126 39.412 -8.294 39.853 -11.206
2.265 =1.71h 2.57h -2.986 49.500 -7.118 ko 823 -9.765
k,T22 -.971 5.031 -2.721 59.559 -6.088 59.823 -8.382
T7.193 -.k1g 7 -2,.501 69.676 -5.294 69.853 ~T.147
9.687 -.007 9.g4h -2.331 79.76% -k.529 79.852 -5.853
1k.681 .633 1Lk.879 -2.031 89.882 -4,.118 689.941 -L.853
19.697 1.030 19.836 -1.831 9k ghl -3.942 g9h.970 -4.353
2h,713 1.280 24,809 -1.692 100.000 -3.708 100,000 -3.645

a’.[ea.ding-edge radius: O0.100 percent chord
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=0.225 AT M = 1.0

0.190 percent chord
0.236 percent chord
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TABLE IV.- COORDINATES OF AIRFOIL. SECTIONS FOR WING OF ASPECT RATIO 3
WITH )-1-50 SWEEPBACK, 5 PERCENT THICK WITH MODIFIED LEADING EDGE, CONI-~
[Coordinates are presented for sections parallel to the plane of symmetry.]

CALLY CAMBERED FOR
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Lesding-edge radiue:
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WING OF ASPECT RATIC 3 WITH
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TABLE V.- COORDINATES OF AIRFOIL SECTIONS FOR

45°
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VI.- COORDINATES OF ATRFOII. SECTIONS FOR WING OF ASPFECT RATIO 3 WITH
[Coordinates are presented for sections parsllel to the plane of symmetry.]

45° SWEEPBACK, 5 PERCENT THICK WITH MODIFIED IEADING EDGE, CONICALLY CAM-

NACA RM AS5G19

BERED FOR C

percent chord
chord

0.520 percent chord
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0.236 percent chord
0.370 pexcent chord

0.190 percent chord
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TABLE VII.- RANGE OF TEST VARTARLES AND INDEX OF TABULATED RESULTS.
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TABLE VIII.- DATA FOR PLANE TRIANGULAR WING OF ASPECT RATIO 2, 3 PERCENT
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THICK - Concluded

(b) Free transition

TABLE VIIT.- DATA FOR PLANE TRIANGULAR WING OF ASPECT RATIO 2, 3 PERCENT
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TABLF IX.- DATA FOR PLANE TRIANGULAR WING OF ASPECT RATIO 2, 5 PERCENT
THICK
(a) Fixed transition

HESERE HEEEEEE o [ | oo | on e |a [ o |«
M = 0.81; R = 2.810% M = 0.90; R = 2.8x10° M = 1.30; R = 2.8x10% K = 0.81; R = 5.610°
6.7 | -0.316 [ 0.0373 | 0.0%0 |-6.50| -0.320| 0.0392 [0.053 |-k.12 [-0.189 | 0.0262} 0.046 |-6.69 | -0.318 | 0.0376 | 0.051
-5.9% | -. 0323 | .o |-595| -.295| 0341 | .05 |-3.60 | -.160| .ce2T| .038 |-6.12| -.290| .0322} .04
-5.%0 | -. 0282 .o42 |-3.k2] -.270| .0296| .0k6 |-3.08 | -.138| .o205] .033 {-5.61| -.26r| .oe7T| .0k
%85| -.238] .o2u3| .038 |[-h.86| -.2w1| .oe51| .o%1 |-2.05 | -.094| .oaTL .021 [-5.01  -.23k | .0235 .036
-%.32| -.210| .0205| .033 |-%.33| -.212| .21 | .035 [-1.01 | -.Ohg| .0153| .010 . -.205| .0198| .032
-3.77| -.180| .017% | .028 }-3.78| -.18¢| .0LTH | .0Q9 -Ag | -.027] .olbg| .005 |-3.89| -.a81]| .ox71| .0e8
-3.22| -.156 | .0150| .023 |-3.23] -.156} .0I50| .025 56 017§ 0150 -. -3.33 | -.153| .o1k7| .022
216 -.103| o117} .015 }-2.27{ -.103| .0116| .006 99 035} .0153| ~.011. |-2.22| -.105| .0117| .015
-1.09| -.05%| .0102} .00T |-1.07| -.05k| .0058}| .00T | 2.05 08} .0173| -.023 |-1.11| -.055} .o0102{ .007
-56} -.032 | . .003 = -.031} .0095} .003 3.08 136 | -.0205| -.035 -.59f ~.031 ]| .0099 | .003
.58 .016 | .0100 | -.cOM R 017§ .0096 | -.00% 3.59 Ja59 | .0230| -.0k1 .50 018 | .0099 | -.005
1.05 .05:| .0103 |-.008 | 1.03 Ohk | 0099 | -.010 k12 83| .o02s7| -0k | 1.07 .0h5 | .0100 | -.009
2.11 091 | .omn8|-.016 | 2.1k 098} .0118 |-.019 k.62 205 | .0288] -.053 2.19 .098 | .o117 | -.018
3.20 .1k3 | Lomm | -.025 3.23 k9§ 0151 |-.028 | 5.1k 23] .0325] -.059 3.31 ahg | .oabT | -.026
3.7 .167 | .OLT2 | -.029 3.76 176 0176 |-.03k | 3.65 253 | .0365| ~.064 3.87 A7k | -.030
k.29 .195 | .0198 | -.03% A3l 208| .oe10 |-.0h0 6.1T 277| .oko0g| -.0TO k. h2 202 | .0196 | -.036
5.82 222 | ,0232 | -.039 5.86 23k | .02h6 | -.0hk | T.20 324 | .051k| -.082 | k.98 .2 0228 | -.0%0
5.36 248 | 0269 | -.0k3 5.40 261 | .0268 | -.0%9 5.5k . 0268 | -.0k5
5.91 279 | 037 |-.048 5.9% 288 | .0335 | -.05h 6.09 281 | .0309 | -.0%8
6.46 .308 | .03710|-.053 | 6.h9 .321| .0396 | ~.060 6.68 317| 0372 [ -.055
T.55 . .0k88 | -.062 | 7.59 .3B1| .0533 | -.0T1 T-.80 -377| 0503 | -.065
N = 0.90; R = 5.6x10% M = 1.30; R = 5.6x10% M = 1.30; R = T.TX10% K = 0.81; R = 8.5x10%
-6.731 -.328| .oh08| .05% |-k.25{ -.193] .0260| .OMT |{-k.36 | -.195| .026k| .ONT -6.93] -.312 | .0367{ .ok
6.17| -.302] .03%| 050 |-3.72] -.168| .0232| .ok0 |-3.81 | -.1T1| .0237| .ok -6.31 ) -.287f .0315| .05
5.61| -.216| .0%0| .obr }-3.19( -.16| .oe09| .035 |-3.27 | -.135| .oex3| .05 [|-5.73| -.261| .02TL| .O4L
5.05| -.ouk | 0253 | .os2 }j-2.12{ -.097} .02} .022 |-2.19 [ -.099[ .0176| .023 |-5.16| -.231] .0228 | .037
k58| ~217| .0215| .036 |-1.06| -.050] . o1 |-1.09 | -.051] .0156| .o11 |-R.5T| -. .0193 | .031
-3.91{ -.186| .0180{ .03r | -.52| -.027| .0249 | .005 -5 | -.028] .0o152| .005 {-3.99| -.1TT| .0uk2 | .026
-3.361 -a62) 0156 .026 X9 .020] .0150 ]| -.006 51 20| .01%2| -.006 |-3.k2| -.152| .01kL | .022
-2.24 | -.108| .o119| .016 | 1.0 Ok | .01%53 | -.012 1.07T 056} .o157| -.012 |-2.30| -.105| .o112{ .015
-1.12)| -.056 ]| .0099{ .00T | 2.11 091 | .0172 |-.02k | 2.16 0951 .0176| -.024 [-1.16] -.056| .0098 } .00T
-5 | -.031| 0096 .003 3.17 k0 | 0206 | -.036 3.25 ak3| 0221 -.036 -.63| -.032| .003k} .003
51 019 | .0096 | -.005 3.70 163 | 0228 | -.0h2 3.79 67| 023k ] -.0k2 .53 020 | .009% | -.005
1.09 049 | .0099 j-.010 | k.23 .87 .0256 |-.048 k.35 193 | .026h] -.0k9 1,13 .09 | .0098 | -.009
2.32 103 | L0120 j-.020 | A.TT 22| 0289 |-.05k k.89 217 | .o297! -.05% | 2.26 099 | .OLlk | -.01T7
3.33 255 f 0153 | -.029 | 5.30 236 | .0326 |-.060 | 5.kk 21| .0335) -.060 | 3.k0 I8 | .o1h2 | -.025
3.6 185§ .OLT3 | -.035 83 260| 0367 |-.066 | 5.99 .265| .0378} -.066 3.97 A7k | 016k | -.030
k.16 215 | 0212 |~.080 | 6.37 205 | .okl15 [-.0o12 | 6.53 280 | .ok25) -.0T2 k.56 202 | .0ig2 | -.035
5.02 250 | L0247 | -.0Mk | T.43 2332 .05 -.083 T.68 .338| .0535] -.08k 5.12 228 | .0225 | -.039
5.59 270 | .0293 | -.0%0 5.7 256§ .0263 | ~.Okk
6.15 296 | .03k0 | -.053 6.28 281 | .0306 | -.04T
6.73 .333 | .okog |-.062 6.86 311 | .0363 | -.0%2
787 .395 | .0557 | -.0Th 8.02 .365 | .0k96 | -.059
« ]' o [ cp Cm e ] e | oo Cm o oL I cp cn
K = 0.90; R = 8.510° H = 0.81; R = 11.3x10° K = 0.90; R = 11.3X10°
-6.9k | -0.326 |o.0%00 | 0.054 |-7.13 [ -0.330 { 0.0%03 |o.0%2 |-6.05 |-0.268 | 0.031k | 0.048
.37 | -.297 | .03k0 | .0M8 . - 0339 | o 5.48 | -.2t0} .0282| .OT
5.78| -.270| 0288 | .ou% |5.93] -.272| .0287| .0%3 |-k.86 | -.2hr]| .0233| .O%2
5.21| -.2a7| 0250 .042 {-5.3k| -.2kg| .0248 | .039 |-k.19 { ~.185 | .OLT8( .032
k62| -.26| 0208} .36 |-k.TT| -.223| .0266| .035 |-3.63 | -.17T3| .05%] .026
k.05 | -. 0176 | 031 |-h.23| -.18%| .0167| .028 |-2.k3 | -.120| .0113| .Ol9
-3.86 -.160 | .o1k7| 025 |-3.55| -.164 | .o3kT | . -1.2k | -.06%5| .o092| .009
-2.321 -.110 { .ouk | .017 {-2.k0| -.128| .ong| .c17 - -.039| .0086| .00%

-2.16f -.05T | .0096] .008 |[-1.22] -~.062| .0099 | .008 ST .c27| .0089| -.007
-.63] -.032| .0092| .00k -.66] -.036| .0095| .00k 1.18 056 .0093| -.012
Sk 022 | .0093 | -.005 Sk .019] .009h4 {-.00k | 2.38 112 | .01lk] -.022
1.13 051 | .0096 | -.010 1.16 o851 0096 | ~.009 3.60 AT2 | L0186] -.032
2.29 2103 | .0115 | -.019 | 2.3k 103 | .Oiik [-.008 | k.21 .20k | .018T| -.038
3.5k 156 | .01h9 | -.029 3.%52 156 | .0LMS | -.027 x.82 232 | .0225] -.0hk
ko1 185 | .o175 | -.03k k.13 JA85| .01t |-.032 | 5.h2 262 | .0269{ -.049
k.59 212 | .020k | -.039 k.71 213) .0000 | -.036 6.03 290 | .0320]| -.053
5.18 .21 | .02hh |-.0hk | 5.26 28| .o220 |-.039 6.68 321 0377 -.0%9
5.76 270 | .0290 |-.0k9 | 5.90 269 | .0277 {-.0h6
6.3k .300 | .03h43 |-.055 6.51 .3021 .0333 |-.051
6.9% .328 | .0ko2 | -.059 T-13 2337 .0k06 |-.057
8.11 391 | o552 |-.070 | 8.33 391 .0551 [-.06h
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TABLE IX.~- DATA FOR PLANE TRIANGULAR WING OF ASPECT RATIO 2, 5 PERCENT
THICK ~ Concluded
(bv) Free transition

Ja[w]al-Jalolalc]alolal-]a]al=
M = 0.81; R = 2,800° M= 0.90; B = 2.8x10° M= 1.30; R = 2.810° M = 0.81; R = 5.6x10°
~6.44 1-0.310 10.0358 Jo.0k8 | -6.47 ] -0.330 | 0.0392} 0.056 -k.12 |-0.188 Jo.c2%e| 0.046 | -6.62 | -0.319 |0.036 | 0.0%0
-5.90 | -.282 | .0%07| .okk|-5.94) -.305 0343 .0%| -3.60 | -.160 | .0216] .039| -6.07] -.290| .0310] .05
-5.35 [ -.25%0 | .0260 [ .038}-5.39| -.27 0289 .ok7| -3.09 | -.139 | .0196] .033| -5.51] -.260 | .0e61]| .oko
-h 82 | -.206 | .0221| .03k |-k.8% ] -.243 .0237] .0%0] -2.05 | -.092 | .0157] .02k | -k.95| -.233 | .oe22]| .03
k27 | -.200 | 0184 | .030|-k.30| -.220 0164  .03k{ ~1.01 { -.048 | .0136} .010| -k.lo| -.206| .o18%] .03l
-3.7% | -.17k | .015% | .026|-3.7T] -.186 . 030 =50 | -.026] .0132] .005]| -3.85] -.180] .01} .027
-3.20 | -.248 | 0129 | .021|-3.22| -.159 L0136 oeg .48 .oig L0132} -,.006 | -3.30] -~.158 | .0136] .022
-2.13 | -. 009k | 013 ] -2.1k | -.103 .0095] .01 1.00 .0 W01kl -.012 | -2.19] ~-.103 | .0103| .OLk
-1.09 | -. 00TT| .006|-1.10 | -.05k 0076 . 2.0k .09 | .0162) -.023] -1.10| -.053 | .0c080 | .007
-.Eh -.026 | 003 | 002 -. -.031 .0071| .003| 3.08 137 | .c2011 -.035 =57} -.0e9 | .coth| .003
47 .01k | o070 | -.003 .48 .01 0069f -. 3.59 J6L | 0225 -.0k1 .51 018 | 0073 | ~.00%
1,02 037 | 0075 [-.007] 1.02 038 .0072) -.007| k.11 .18k | .0253] -.0M7 ] 1.06 ok | L0081 -.008
2.09 . 0092 | -.015 | 2.10 . .0091| -.016| k.62 208 | .0287] -.093 | 2.18 09k ==~ { -.016
3.18 136 | .o12h | -.023 | 3.10 1hh 0130 -.026] 5.18 232 | .0324] -.059 | 3.27 JOhT ] Loz | -,
3.7 A58 | .otk | -.027| 3.7% A72 .0157| -.032| 5.66 257 | .036T] -.065 3.03 A73 | 0158 | -.029
k.26 .187 | o173 | -.032 | k.27 201 .0188| -.037| 6.18 281 | .ok1k| -.oTL 4.38 200 | .0189 ] -.03k
k.79 214 | .0207 ] -.037| k.82 225 L0224 -0 | 121 .33 | .0%e2] -.083 k.Gk L2271 0215 ] -.039
5.33 237 | 0240 f-.0h1 ] 5.36 255 L0268} -.047 5.hg 254 | .0253 ] -.0h2
5.86 T | 0289 | -.0u6 { 5.92 .285 0321} -.093 6.05 281 | 0298 | -.04T
6.41 .29% | 0341 | -.050 ] 6.45 319 .0383| -.060 6.61 ie | L0356 -.053
T.50 .358 | .ob68{-.061} T.53 375 0512] ~.069 T.73 372 | 0h89 | -.
M= 0.90; R = 5.6:10% M= 1.30; R = 5.6a0% M~ 1.30; R = T.pao® M= 0.81; B =~ 8,%a0°
-6.66 | -.332 | .0396 | . -k,26 § 194 0261] .ok7]-%.37 | ~.298 | .0259]| .08 | -6.8e | ~. 038 .o
-6,11 | -.303 | . 0237 051 f-3.72 | - 02321 .0ko{-3.81 | -.273 | .0229| .okr | -6.2% | -. 07| 086
-5.5% [~-.275 | 02871 .06 [-3.19 | -.145 0206] .03k -3.28 | -.1kg | .0205] .035 | -5.66 | -.26% | . o
-h.gg - .83 0232 | .04 [-2.13 [ -.068 L1 022 -2,19 | ~.10) | L0169] .023 -2.10 -.238 | o026 | .036
-k, -.21 0198 | .035 [~-1.06 | -. 0156 .on | -1.10 | -. .01 Ol | o-k52 | -.230 | L0200 .032
-3.87 | -.287 | 0268 | 031 | -.%2 | -.028 O1k0) 008| -.55 ] -, LO1kr] 006 | -3.96 | -.18% { 0158 ]| .027
~3.32 | -.160 | .oxk2 ] . RT] 019 012 -.006 W51 020 | .0143] -.006 | -3.39 | -.1%8 | .0136| .23
-2.21 | -.107 { .0101| .016 | 1.05 .0l Ol -.012| 1.07 .0n6 | .owugf -.012 | -.27 | -.107 | 0105 .0L%
-1.11 | -.056 | 0077} .008 | 2.12 .09 OL7L -.02hk | 2.17 095 | .ot -.cek | -1.1k | -.055 | .008T] .Q07
-5 |-.030 | .0012| .00k | 3.27 .1ho L0206} -.036] 3.26 A45 | o207 -.037 -.55 | -.028 ] . 003
30 .018 | 001 |~.005 | 3.0 .16k .023| -.0 3.80 70 | 0231 ] -.083 .53 023 f 0083 | -.
1.08 .0k5 | .00 - -1} .189 .0260{ -.048} &.35 19k | L0261 | -.0k9 1.12 051 | L0086 | -.
2.19 L100 | 0100 §-.019 | .77 .21k .0294] - .05k &.Eg 220 023 =-.055 2.2k .03 { .0x06 | -.017
3.29 A%k | L0239 f-.028 | 5.3 .238 0332 -. 5. 243 | .03 -.061 3.37 2%k fo.0137 | -.025
3.85 81 | 0165 | -.033 | 5.8k 263 .037Th| -.066f 5.98 267 | .037T) -.087T | 3.9% .182 | .0160 | -.030
h.hl 212 | 0199 | ~-.039 | 6.38 . Ok2k] -, 6.53 202 | .0h26| -.073 k.51 209 | 0189 | -.035
L.oT 240 | o23h | -.obk | T.kM .33% .0530| -.084| 7.62 .339 | 0535 -.08% 5.09 2368 | 022k |-,
5,53 267 | .0260 | -.0u8 5.6% o K ~.0kk
6.08 298 | .0328 | -.0%5h 6.23 293 | 0309 -.
6.66 .330 ] .03971 -.060 6.79 .321 | 03681 -.
7.T7 390 { .0531 | -.0% 95 .38k | L0518 | -.063

o e Cp Cn e 3 Cp Cn a Cy, Cp Ca
M= 0.90; R = 8.9%10° Ko 0.81; R = 12.3a0°% K= 0.90; R = 1L, 3x10%

-6.88 | -0.3%2] 0.0k11{ 0.057f -7.0% }-0.339] 0.00T| 0.053} -7.18 | -0.356] 0.0k39] o0.0%9
-6.30 | -.310| .03L6 053 -6.he | -.29L | .o324 OU6l 6.55] - .0353 053
-5.73 | -.286] .0297 .0k8] -5.8% | -.272{ .027% .0h21 -5.9% | -.281 .0
-5.15 | -.255] ,o2ky 043] -5.27 | ~.250| .0238 .039 -2.33 - L0245 .0k2
k57| -.223] L0207 .036]| -b.65 | -.21k| .018¢9 0321 -5 | -.227] .037
-k.01| -.195| .o0o73 032] -4.08 | -.186] .0156 0281 4,16 | -.200] .oL72 .032
-3.h3 | -.167] .0143 027| -3.%0 | -.160 ] 0133 02kl -3.55] -.167] .0139 .
-2.28 | -.112] .0105 O17] -2.35 | -.u11] 0103 016] -2.38¢ -.11k§ 0103 LOLT
~1.15{ -.0959] .0086 .008] -1.18 | -.059] . 007 ~1.19{ -. 0083 006
-.62 | -.031] .0080 003| -.63 | -.031| .0082 .003| -.65| -.032] .00 003
.53 .024) 0079 | -. 57 27| .ooBr{ -.006 .58 E 0080| -
1.12 .053] .0083{ -.010] 1.15 0951 . ~.0:0| 1.18 L0571 .0083] -.0L1
2,26 .106] .010k| -.020] 2.31 Jo61 .0103| -.018] 2.35 A11f .o103] -.020
3.41 163] oLk2] - 3.48 W61 0136 - 3.53 . 013] -.030
3.98 .191| .0o170| -.03%] k.06 L1871 0159 -.032| k.k 202 J0LTH| -.037
k.56 2221 .0203| -.0h0{ hB.6% L217| o191| -.037| b.7H 233 .0209] ~.0b3
5.15 252 .o2bkf -.045| 5.2% 250 .0e32| -.0k3! 5.3% . oe52]| -.048
5.71 .280| .0287) -. 5.82 212| .c267| -.086{ 5.9 290 .030| -.
6.29 .306] .0336] -. 6.k .30k | .0329| -. 6.53 .313| .0346| -.0%5
6.87 Egg 0399 | -.060] T.01 332| W.032) -.056] T.16 .336| .0436] -.063
8.03 . 0549 | -.0m( 8.20 3s2) 05321 -.0687 B.38 521 .0600{ -.085
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TABLE X.- DATA FOR TRTANGULAR WING OF ASPECT RATIO 2, 3 PERCENT THICK,

CONICALLY CAMBERED FOR CLd=O.ZL5 Al M=1.0
(a) Fixed transition

« Joo [ Jou JofawJowfom [« [0 Joa ol o [em
M = 0.61; R = 5.6A08 M = 0.81; R = 5.6610° M= 0.90; R = 5.600% M= 1.30; B = 5,6x10%
-6.65 | -0.345 | 0.0563 |0.051 |-6.80 [-0.383] 0.0631| 0.065 |-6.80 |-0.AlT | 0.0695 |0.083 [-6.k2 | -0.330 | 0.0567 | 0.085
-6.10| -.319} .0%02| .ok7 {-6.23 -.352( .055T| .06 |-6.31| -.383| .0610 | .07 |-5.88( -.304| .0%07| .078
-5.5%| -.291| .okak | .obh |-5.66| -.321] .oho1| .035 [-5.T3| -.3%6| .0m31 | .068 |-5.35| -.260| .OW5k| .o72
.99 | -.265} .0392| .0%0 |-5.10| -.292]| .oh30| .0%r [-5.16 | -.312| .oM62 | .06L |-M.B1} -.253| .040O3 ]| .0&5
A k| -.239| .0388| .036 |-k.53 | -.263] .0376] .0h5 [-k.59 | -.28k| 005 | .056 |-k.281 -.230| .0360| .09
-3.88] -.213| .0303| .032 |(-3.97| -.232| .0325] .okl |-k.02| -.2k9 | .03T| .Ohg |-3.751 -.205| .0319| .053
-3.33| -.185}) .0263] .029 |-3.k0 | -.201] .0261| . =34 ] -216| 0298 | .0k2 |-3.22]| -.180| .0282| .ok6
-2.78| -.160| .0231} 026 |-2.85 | -.177]| .0245| .031 |-2.88| -.186] .0236| .037 [-2.68) -.15h| .0249 | .oko
-2.23| -.136} . 022 |-2.28 | -.ak7| .0211| 027 }-2.31| -.156] .oe1g9 | .031 |-2.1h]| -.130| .0223] .03k
-1.13)| -.085) .0155} .ous |-1.16{ -.089| .0157]| .07 |[-:.17 ) -.093| .0160 | .019 |-1.06] ~-. 0175 .020
~-.581 -.059( .0138 | .OLL -.601 -.062| .0138{ .013 -.60| -.062| 02381 .0k -.53 | -.0l9 | .0160| .01k
-29| -0k} 0130 .009 [ -.31] -.088| .0131]| .01l -.31| ~.085| .0130 | .011 -.26{ -.03%| .0153| .o10
~-0L| -.032| .0a2k| .00T | -.03 | -.036] .0a2k| .008 -.02| -.033| .0x2% } .008 02| -.023| 0148 .008
20| -.023| .0320| .006 20| -.021| .o19| .ooT 21| -.018| 0218 ¢ . 23| -.012| .01%5] .005
48] -.020{ .01k | .00k 49 | -.006| .0123| .00H S0 | -.0ooh| on3{ .003 .51 .003| .01%2] .o01
1.03 .010| .ot10{ .00r | 1.05 .016] .ou10| @ 1.06 017 | .o110 }~.00L 98 016 .0139 | -.00e
2.1% .061 | .oror |-.007 | 2.13 .or0]| .0107| -.009 2.1k 0721 .0110 {-.009 2.07 066 | .01k2 | -.015
2.65 .089 | .om10 |-.011 | 2.6 .0961 .0112| -.013 2.7 .01 | 0116 [-.015 | 2.60 .09L| .0150 | -.021
3.19 W11 | .OLik |-.01k | 3.2k J123{ .o119| -.01T 3.26 27| 0123 |-.019 3.13 J16 | .0161 | -.028
3.73 .132] .0120 | -.017 3.80 k7| .0127| -.022 3.82 153 | 0132 [-.02k 3.67 13| .0173|-.033
k.28 A56] L0131 |-.021 | k.35 JA7L| L0137 -.02% k.38 .180 | .0146 -.029 k.20 165 .0192 | -.0h0
5,82 JA77 | .0LkS | -.023 | k.89 192 L0158 -.029 5.9% 205 | .0165 |-.033 b, Th 291 | 023k | -.04T
5.36 198 | 0166 | -.027 | 5.kk 215 .017k | -.032 | 5.50 .233 | .0186 |-.038 5.27 217 | .02k | -.052
5.91 223 | .0184 |-.030 | 6.01 23| .0199] -.037 | 6.06 260 | .0212 |-.0k3 5.81 2h2 | L0269 | -.0%9
6.k 2k3| .0203-.033 | 6.56 266 .0222] -.080 | 6.63 2688 | .o243 |-.088 6.3% 267 | .030%|-.065
T.55 292 | .0263|-.040 | T.6T 320| .0297| -.0%9 7.7 .3hk | L0325 f-.058 | 7. 316 | L0392 | -.
8.65 .35 | .0358 {-.08 | 8.81 2384 | .0k2T7| -.060 | 8.5% Jak o ok7o {-.070 | 8.8 371 | 0506 | -.092
10.89 46k | 0681 | -.06k }13.36 17| .1276| -.088 |11.28 598 | 1018 |-.:21 [10.81 468 | .0809 | ~.117
13.1k 580 .aut|-.015 |15.65 .Tw7| 1877 -.132 13.00 566 | 1196 | ~.1k2
15.37 L9 L1629 | -.085
17.64 816 .2278 | -.100
18.76 81| .2617|-.108

« fon Joo [ e | & [ [0 | o

¥ = 1.70; R = 5.6x10° M = 1.90; R.= 5.6x10%

6.36 | -.26x | .ov18| 086 |-6.30 | -.232 | .ov30| .036

-5.83 | -.2u% | .0k31| .062 |-3.78 | -.225 | 0390 | .032

5.29 | -.22% | .038871 .057 |-5.25 | -.198 | .0335| .O49

k.7 | -.205 | .0351] .053 |-k.73 | -.181 | .0322}{ .ouk

4.2k | -.186 | .0316] .ok8 ] -h.e0 | -.168 | .0290] .OuL

-3.71 | -.166 | .028%] .ok2 |-3.68 | -.146 | .0262| .037

-3.17 | -.1%% | .02%3| .037 |-3.15 | -.126 .0236| .o032

2.64 | -.123 | .0228{ .032 |-2.62 | -.111 | .021k| .028

-2.31 | -.203 | . 027 | -2.30 | -.093 | .019%] .02k

-1.05 | -.059 | .0168] .017 |-1.0h | -.05k | .0161| .015

-.52 | -.038 .011 -51 | -.035 | 0149 | .010

~25 | ..028 | .0150| .008 | -.2k | -.02T | .ON5| .0OT

-.00k -.031 | .01%2]| .009 [+] -.029 | .oxks| .o008

.02 | -.019 | .oLs7! .00T .03 | -.018 | .01k2| .006

2% | ~.007 | .01%5] .003 2k | -009 | 0M0f .00k

4o | -.006 | .01k5]| 003 S ) o 0138} .001

.98 .01k | .O1k3| -.002 1.03 010 | .o137] -.002

2.0% .05k | 0Ik8[ -.012 | 2.0k .0h8 | .o1&k | -.020
. 2.% 076 | 0156 -.017 | 2.57 066 | .0151] -.015

3.11 096 | 0167 -.023 3.09 083 | .0161{ -.019

3.6 .117 { .0181] -.029 3.62 Ja02 | LOLTS | -.0ek

h.1T .137 | .o199)] -.033 (1) 118 | .0190 | -.027

k.70 JI57 | 0219 -.039 .67 136 | 0207 -.032

5.23 179 | L0245 -.0k3 5.19 153 | o229 ] -.036

5.76 199 | .0213| -.049 5.72 172 | .02k | -.0k0

6.30 221 | .030%| -.05h4 6.25 Jag1 | .oeB2f -.085

7.36 261 | .0378] -.06h T.30 226 | .03%7| -.053

8.h2 .303 | .ok7O| -.0T5 8.36 263 | .oh2B| -.062

10.70 .381 | .OoTok{ -.093 | 10.h7 .33k | .0626| -.0T8

12.85 455 | L0989 -.110 | 12.57 oo | 0867 -.093

16.97 .530 | 1583 ] -.113
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TABLE X.- DATA FOR TRIARGULAR WING OF ASPECT RATIO 2, 3 PERCENT THICK,
CONICALLY CAMBERED FOR CLd. =0.215 AT M = 1.0 - Concluded

(b) Free transition

cfalojefefalo]al=falo]la]lfa|ojafelx] 2] =
K = 0.61; R = 5.64108 K= 0.82; R = 5.6108 K = 0.90; R » 3.6a0% K= 1.30; B = 5.608 M- 1.70 B = 5.600°
0.0559} 0.092 (-6.80 }-0.395 (0.0632]0.068 | -6.90 1~0. 0. 0,086 | -6.43 [-0.33% |0.0570 | 0.08% | -6.35 |-0.26T {0.0877| 0.06T
m Ok [-6.2% | -.396 | .on62| .o6L]6.331] -. K 080 |-5.89 | -.310 | L0510 .O7T8] -3.82 | -.2hT | .0AX0| .06
. 085 {-3.68 | -.327{ .0896] .o57 ] -2.Th ] -.331 | .0533] .070 -Lg -.383 | .olsk | .o72 3-29 -.227 | .0387 .053
.0 080 |-3.31 | -.296 | .0a33| 082 [ -3.17 | -.321 | .0ME9] .063 { -k, -237 | .0h03| .0G6 216 | =208 | 03hg| .05k
.0 037 sk | -.266 | 0377} .oi6 | -+.60 | -.286 | .ohOM| 09T [-b.29 | -.238 | .0360| .060 } -h.23 | -.298 ] .03ak] .0MB
0302| .033 §-3.98 } -.237 | .0327| .OMR [ -M.03 | -. O3m .o | -3.78 | ~.208 { ONT m ~3.70 | -.166 | .0281]| .0M3
,0263] .03 [-3.h@ [ =.209 | .0@03[ .038 | -3.55 | -.22% | .0300] .Ob7 |-3.22 | -.1821 . . =3.17 | ~AN8 | ez .0®m
0228| 026 [-2.85 | ~.177 | .0ek2| w030 [ -2.89 | -.a91 | .0256] .03 |-2.68 | -.157 | .oehT| .ok | -2.6h | -.220 ] .cemt] .033
.0200] .22 [-2.29 | -.150 | .oc09| .o0@ j-2.32 | -.61 | .o2d7{ .033 |-2.15 | -.13 .Og‘.g 03 1 -2.12 | -.008 | .0e03] .
019] .ok |-1.16 | -.091 | .oa5k] .018 | -1.18 | -.097 | .0a5M] .02 |-x.07 | ~.078 | .OL 020 f -1.05 | -.06k | .0363] .018
-.088{ .032] .om | -.60 | -.062]| .23 | .013] -.81 | -.065 015 | -5k 1-.053 | o3| W03 ] -5 -0k2 ) Loakg]| .0l2
-.0a7 ] (23] .009 | -.31 | -.0u8 | .012% =31 | -.047 Ol | -.27 | -.039 | oLek] .01l | -.25 ] -.033 | .oxk3{ .009
-.o&g .0120{ .008 20 | -.022 | .ome| .o07 g --gg -gi-; ggg --gz --g;’ts gi; % --g -::3 0143 .010
~ .03 QLT[ . - 0105 .00; . - B o B = o o . - 01391 .00T
-.02! L0110 g 1.259 .8?5 .0100 -,oo% 1,06 oL .Qle} -,00L 23 | -.cak | (0038 | .00% 23 | -.0001 W36} .00k
-.011 | 0105 .00k 2.13 O | 0098 -.009 2.1k LOT 0100| ~-.010 B0 F a0 | . .3 B .0 | ,0033f .o
1.08 | .01k | .c100| O 2. 097 .ow02] -0k | 2.70 | .x00 |.cn05| - 23 .98 | .ok | . ~. 002 97| .oa2 mig -.008
2.5 | .oé2} .00935| -. 3.2 22 | .07 -.007 | 3.26 | .127 |.om12| -.020 | 2.06 | .06k | o133 [-.005 | 2.05 | .ooh | .cako] -,
2,63 088 | .0057( -.011 | 3.69 | .01 .008A]-.c15 Egg 156 | .one3] -.ces | 2.60 | .090 | 0Lk | -~.001 | 2.58 | .o7h | .00k8) -.AT
3.19 109 § .on01| -.onk | k.3h | 267 .0130] - . 179 | L0038 -3 313 | 2 &}2 -7 { 3.00 | .o9% | .a38] ~.
373 | .138] .0108[ -.017 | M.B9 } .188 |o - hook | 206 | .0135{ - E'ST ko | . -.m 2-63 15 | 7| .9
bt | . K -0kl | sk} an ) Loi62f-.032 | 3.90 | .23k |.0u78 -g .20 | .16k | 0182 (-, <16 | .133 | .c190] -.03)
k.82 | 77| oamMi| -.023 ) G.oo | .2ke| o185} -.037 | 6.06 | .26 |.oe03( - LN L0e0k | -, 006 | M9 | 156 | .celd -.0&
5.36 | .99 | .ox53| -.c07 | 653 | 263 | .0209( -.0h0 | 6.63 ] .290 |.0@33] -.0k9 | 5.26 0030 | -.0% | 3.82 | .17 .0236| -.
:.21 22 | a7 -.029 | 7.3 ) .320 | 089(-.088 | T.T7 ag geg -.060 | 5.80 3 026 {-.059 | 579 | 19T | .R63| -.0M
8.hs Lahl 3.52{ -.033 | 8.80 319 | .o%03] -.0m “'ﬁ‘é . . -.0T2 s.ig . 0097 | ~.065 | 6.28 | .219 | .0097| -.0%%
7.9 | 2881 . -0k 11,30 | .508 .% ~-.076 {11 .2 |.1088] -.139 Z gk | L0387 -.078 | .3k | 208 2’5 —.gg
8.68 340 [ .0338] -.0M8 |13.36 b3 . -.093 .63 2276 Lol -0 | &.x0 ) L300 . -
10.88 A60 | L0661] -.06% |15.66 T3k ) L1800 0116 lo.60 B L0808 | -. 036 m.ﬁ gao L0688 | -.093
13.18 | %83 .m5] -.0p 12.99 | 568 | .1193 | -.0h2 [i2. Jhos | LogB6 )| 121
15.39 | 697} .163] -.087 k.95 | 526 | .1325] -.227
17.70 | .816 -0l 1710 | 398 | .1729( -.2h2
18.84 B8 [ 2847] -.207
M = 1.90; R = 5.6x208 M = 0.90; R = T.310° e 0f2; R =1L DA N = 0,90; R = 12, >A08
-6.31 037 0] -. omel 086 -1.38) -.397] .06%( .of0-6.26| -.378] .0o%0
-5-2 ga’; S.hg{ -.307[ .o620] .or7|-6.T8| -.380| .o6lk| .063).-s.6h] -.338 giog g
-i- 8 -5.90 1 ~.353  .osk1| .ot0f -6.15 -.Hf gzgg 060 [ -5.00f -.306{ .0h33| .0@
-u'g 045 :2.32 -.322 | .OMTH| .05k :a;z - 31 g -3.77| -.23%] .o2| .om
- okl T3] - ko8| .O%7 . -263| .oho3|{ . -3.7| -.203| .66] .om
-3. 037 k) -295| .03m] .om| k33| -.252| (036 .ok [.2,5k| -.167) .ceel] .03h
-g-éb 033 -3.93] -.221| .0298| .obk| -3.TA} -.219| .0eg3| .039|-L31| -101| .Gu37| .cm
-2-13 <029 -2.97| -. 0296 .38 «T3| -.e22| .0206| .039 -.g ~-.070 :ﬂ .85
-2 .02k -e.30} -.160 | .0218] .033] -3.12] -.192| .cesh| .03 | -, -.o5| . a3
-1.0% .03 -1.21) -09%] 01| .02l el -] 6] .029 A8 -002] e} |
--32 010 =63 -.056] .o37| .o15 -.099| .0135| .ok b9 | -.006] .om05 ;;'{
--:5 .008 ~.3 -.0%1] .0188{ .013 - -.070| .0135| .o 1.16 030] .0097 | -.0c@
«23 .004 -.05] -.033] .oa9f .10} - -.053| .02k .o22| 2.% J000) (0097 | -.0L3
Al 002 22| «.008] .0211f .ooh| -.2 -.037| .oL.7 g 2.% N8| .oee (-8
.‘9*6 -.001 1.10 023 ] .oto3| -.001 L2310 -.007| .0005| . 3. B I 151 -.3
2, -6 2.1} .086| 01| -.012 50| .c08| .or06] .009{ A.0f .a73]| .22% |-,
2,57 -.as 2.19 ug 0108 -.018 1.5 o027 .0098| -.00L | A .68 g L01A3 | -.@1
3-2 -.a 3.358| . .ona| -.c2p{ 2.28] .083| .o097| -.alj 5.28] . Q63 -.gr
g-n - 3'92 gg ole2| -.0p6 | 2.86] 10| .qf-.015¢ 5.8 g ., -.mg
v -.028 K o1 | -.030 E.u 133 .aos| -.o0) &.50] . . -
.67 0203 | -.032 -0158 5.06| .21k .01%9| -.035 05| L16] .oL1%| -.00k x.n Q16 oot | -.09
5.9 Q223 --ﬂ . 5.53 2| L0181 -.39 k, 6@ J186f 0132 -,008 +33 30k | ,0380{ -.0595
2-1’2 % - -0223 6.91 10| .0809| -.085 [ 3.23 23 .ase) -.032
.25 . -.0k6 7.8 .332 0299 {-.051 6.80| .299| .oekd| -. 3.80| .237y .0LT3 --23
T.30 | (228 ﬁf -.05% 8.99 3 0428 |-.061 f T.98 358 | .0333] -.om9 | 6.M1{ 265} . -
B.EG 27| . -06k 1132 =, =076 9.1% heo | . -.073 s.oo 293] .0e31| -
ig.’; .ggg .g'or -.g B6 | a2 | a3k |-, .21 iﬁa gizs -
14,58 466 | (2169 --108 et B %3} -0
16, .529 | .1539 [ -.21
J.B.g .563 | .17 -.12h
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TABLE XI.- DATA FOR PLANE WING OF ASPECT RATIO 3 WITH 45° SWEEPBACK,

(a) Fixed transition

S5 PERCENT THICK WITH NORMAL LEADING EDGE
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TABLE XT.- DATA FOR PLANE WING OF ASPECT RATIO 3 WITH 45° SWEEPBACK,
5 PERCENT THICK WITH NORMAL, LEADING EDGE
(b) Free transition

c]ale [w]e]a[o]a]c]a]o]s ] a]n]e
M = 0.60; R = 2.9X10° H = 0.80; R = 2,.9x00% H = 0.90; R = 2,9x10° Mo 1.20; R = 2,0x100
=6.7% | -0.430 o.% 0.013 -6.82 -O.HB 0.0583 J0.023 -T.01 {-0.543 | 0.0687 lo.055 | -6.61[ -0.kT2 |0.06%T |o.100
-6.20 | -.399 | . .012  [-6.3 -5 1 (0500 .022 | -6.45 -.Eu .geﬂ ﬁ -6.07| -.h32 | . .090
~5.6% | -.3%5 | .0387| .008 |-5.78 | -.ho5 | .07 | .c19 | s.90 | -. . . -2.53 -.3 . 92 .080
:2.10 -.319 { .o290| .oo7 -2.22 -.363 | 034l | .015 :2.33 -.k261 ,oh00 | .036 | -k.98| -.3ko | .03k | .o70
S5 -.282 | .0e31| .05 |-4.66 | -.320 | .c271| .01l .76 1 -.3741 .0323 | .oe7 | -k.@&] -.313 | 038 | .061
-k, 00| -.2%5 | .0186| .003 |-h.10 | -.281 { .0219] .008 -k.17 | -.319| .o0250 | .18 | -3.90] -.272 | .0332 g‘f
-3.%6 | -.216 | (o189} .003 |-3.%% | -.239 .0117 .00 | -3.60 | -.2T2| .02 | .00k | -3.36| -.23% | . .
2,92 | =179 | 0137 .00 -2.32 -.200 | .0287: .004 | -3.03 | -.223| .0263 | .009 | -2.8] -.396 ). .036
-2.37 | -.145 | .q1i7 {0 -2, -.160 | .q122 | .ooe -2,k | 177! .0230 | .005 | -2.26} -. 222 | .o30
-1.28 -.m 0085 | -.02 [-1.31 | -.08% { 0081 -.002 ~1.3% | -.200( .008% { .00L | -1.19] ~.08% | .0176 | .01k
T2 | - oot2| ~.002 ~T5 | -.053 | .0068 | ~.00m _'E -.060| .oo70{ .00 -.T2| -.086 | .06k | 006
~-.50 | -.0%3 | .006T| -.008 -5 | - 0066 | ~.00L - -.080| .0055 |-.001 =b5 1 -.008 | L0181 | (003
451 -,032 | .0070| ~-.00L .02 | -.002 | .0062]-.002 2 |o .0065 |-.002 el o L0158 |-.001
02| - L0057 | -.003 .38 .19 | L0082 | - 002 . 028 .0066 |-.003 .30 022, -.005
.38 .0L8 oosg -.002 .96 062 | . -.003 .99 o5 | .0078 |-.008 .86 .58 | .oLTe |-.022
S oLos6 | . -.002 {208 .13 L0205 | -.005 2,12 %6 | .aa6 -.ooE 1.? .138 [ .oe02 |~.028
2.03 16 | 010l | -.005 | 2.64 X . -.00T 2.70 .20T | .0148 |-.ou 2.k9 A72 | .cen -.ge:v
2.58 153 | L0119 | -.00% 3.20 2k o:l.gi -.010 3.27 2510 oA |-.;9 3.03 .208 | .0263 |~-.0k2
3.12 .183 | L0036 | -.006 2.75 252 ). -.032 3.53 23 L0221, |-, 02k g.:'r 2k | L0301 [-.0%
i.66 218 | .62 | ~.007 .32 297 | L0236 -.025 .50 .3 .0e80 §-.030 W11 .283 | .03%h | ~.058
.21 857 | 02001 -.009 4.88 .332 L0287 | -.018 k.98 .396 .?ﬂé ~.039 k.65 .321 .ggzg -. 056
k.76 . 02k3 | ~,010 | 5.4% & L0355 | - 022 5.56 .A53 1 oMt [-.052 ) 5.19 igi . -.076
5.31 .3 0303 | ~.c12 | 6.00 . L0351 -~ 026 6.11 48T ook |-.055 [ 5.73 R 0512 | -.085
5.86 .i'ru 3369 -5 | 6.56 460 F Lomat | -.cot 6.67 526 | .0630 |-.099 | 6.28 3 | L0585 | -.09m
6.4 . 0439 - .18 | 7.66 26 | 0689 | -.c08 2.76 .58k iogﬁg -.062 7.26 826 | o8 |-.115
g.51 . L0601 | -.00L B.Zl; .56 | .0881 | -.008 85 1 .6 . -.066 | 8.hs .60T | 0958 | ~.132

.59 SAT | LoTTR | -.021 |10, .680 | .1319[-.037 | 11.02 T 1529 1-.078
10.@ 636 | 1852} -.015 |13.00 L | .ATT0 -.gﬂ 13.18 | .853| .2098 |-.on
12, .7 632 [ -.021  {15.09 805 garez -
14,95 . 2128 | -.o22  |17.17 857 ] . -.089
15_01 . 2617 -.gzh
18.02 861 | .2855 | -.047
Mom 1.30; B = 2,940° H=1.50; R = 2,.9A08 M= 1.70; R =2.9a0° M« 1.90; R = 2,9x10°
-6.5 -5 | L0627 | L0900 | -6.50 | -. 58] .05 | -6.45 | -, 09| .62 |-6.k0 | -.262]| .ohk8o| .ok
-6.0.; -. 0559 | .o82 -5.{{ -.318 Lt .068 [|-~5.92 | ~.275 &9 Lo57 |-5.88 | -.2k3| .oM37]| .00O
75 | -3 o | o oL . ‘g2 | 530 | -2l | k2| e |53 f-iemd | loss| Lok
-.Eﬁ -.313 | o438 .066 |-kh.91 | -.263 .0322 geé .87 | ~.228 380] .oWT 831 | -,20r{ .08 Ol
&bz | -, 0386 | .058 |-b.38 | -.235 | .03 Lokg [ -h.3% | -.20k .O0h2 §-k.30 | ~.178| .32 036
-3.88 | ~.2k7 | .03%2| .050 |-3.85 | -.208 | .01k | .03 | -3.810 ) -.179] .0306] .037 |~3.78 | -.159| .029T| .032
-3.34% | ~,21% | .0302| .o43 }-3.31 | -.280 | . .037 | ~3.88 | -.156| .oe77| .032 |-3.26 | -.136] .oe6g] .028
-2.81 | -.180 | .026k{| .035 j-2.76 | -.152 | .c248| .031 | -2.76 | -.133 | .o0es51| .07 [-2.73 | -.106{ .oek7| .023
2,27 | -.146 | .0230] .028 |-2.25 | 0 [+} .03 | -2.23 | -.108] .0e29| .ce2 [-2.21 -.g& 0=229| .09
-1,19 | -.077 | .01868| .3 |-1.18 | -.066 ( .018%( .012 |-1.16 | -.056] .qa9s]| .ol |-1.15 | -.oh9 | .cec| .o10
~Ta | -0 | ,01TT| .006 | -.63 | -.036 | .AAT3| .006 | -.62 | -.030]| .0a86| .006 | -.60 | -.026] .0193| .005
b | <025 | .aa73| .003 ~43 | -.c20 | .0270| .003 -4 | -.009] .m83] .oor - -5 ael| .003
.02 o | .am | -.001 .03 .00k | 0173 | -.02 02| .o3| .08 .02 .0 .oal | .0190] -.00L
.30 .l | .07z | -.005 .30 .018 | .oL74 | ~.005 307 .at| . -.005" .29 .01k | .0190{ -.00k
. L0533 O]E -.011 .85 04T | L0185 | -.011 .64 329. .agh| ~.ca0 .82 . L0200 -, 008
1. 223 | o.o2a7 | -.0e6 1.§ o7 | L0212 | -.023 l'ﬁ . 0220 -.02. | 1.8 . .0221{ -.018
2.k7 158 | .o2le2 -.g{a 2. 136 | .o23k | -.o29 2. 118 | .o38] -.0e6 2.k2 02 .0238] -.022
3.00 191 | .ce76|-.0kL | 2.99 | .152 | .28 -.035 2.2; A3 | Loe2| -.0f 2.& Jﬁ 57| -.
i.jﬁ 223 | 0311 | -.048 i.:e W91 | L0289 | -.0kL i 67| .ce87 -.gg 3. Kl .0280) -.031
.09 257 | 0353 | -.055 .06 .29 | . - 047 .02 2190 | L0317 ~. 13'99 165 .0308) -.095
5.16 .325 | .oh5L| =011 | %.59 | .245 §§ -.05 1;33 g .0351 -.g 5.&1 .186 .03% -'oEg
5.70 359 f L0509 | -.019 | 5.12.} .275 | . - . . . -. . . . -.
6.24 . L0573 | -.087 | 5.65 302 | .oks8 ) -.066 | 5.6L 26 % --.056 | 5.56 aaog gﬁ -, 048
T.31 Eﬁ 0715 -.102 | 6.18 .330 | .0%13{ -.073 6.13 286 | .oh8o| -.061 6.08 250 . ~.053
8.39 | .m19 ggf-ﬂ - Z.z .286 0636 | -.085 T.g .330 | .0582| -.070 g.:s 292 | .0%h5{ -.082
10.52 .638 | .1267 | -.1k3 a. .orr2 | -.097 | 8. Eg;{ .0T03 | ~.080 .18 .ash L0653 -.gg
12.6% TS50 | .1T29 | -, 10. .52 | .110k | -.121 | 10.36 . 0995} -.100 }10.28 415 ) L0908 -,
12,56 638 [ .1496 | -.1h2 |[12.46 .55k | .1338} -.119 12.33 Mg3 | .1218]| -.102
14,68 WT38 ] L1962 -.162 J.h.gg 6391 J1ThT{ ~.136 |1k, 568 | .1582] -.116
16. .81 .2210| ~.1kg 116.58 6L | L20m ] -
17.62 L6TT | .2233 ] -.13%
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TABLE XIT.- DATA FOR PLANE WING OF ASPECT RATIO 3 WITH 14-50 SWEEPBACK,
5 PERCENT THICK WITH MODIFIED LEADING EDGE
(a) Pixed transition

o CL Cp Cn @ Cy Cp Cn a CL Cp Co
M = 0.22; R = 3.010% M = 0.22; R = 6.0x10° ¥ = 0.22; R = 8.0:10°
-3.8h {-0.212 j0.0158 [o.00L | -3.66 | -0.197 o.01 0.002 | -3.91 | -0.22k | 0.0150 | 0.003
-3.52 | -, 0156 .001| -3.10| =167} .01 | .001 | -3.72 ]| ~.20L} .0157} .003
-2,98 | =157} .0138 {oO 2.4 -.138| .0132 ool | -3.10 | -1} 00| 002
2411 130} 0121 {-.001 | -1, -.108 ] .0117 {0 -2.58 { -.2h0] .0127( .001
-1.90 | -.099f .0115 |~-.00%} =~1. -079] 0111 |0 -1. - 110{ .oLik| .o0L
~l.h2 | -0 ] .0121}-.002 -95f -.050| .0108 | ~.001L { -1, -.082] .0108| .o0L
-88 | ~05}) .0111{-.001 37t -.022| 0102 |-.00L | -1.11 | -.053] .0106}0
-37} -.014] .0108 | -.002 ATl -.00% | L0100 { -.001 =35 | ~.025| .0099]0
Ok Ol1l{ .0106 | -.001 .2 037} .0103 | -.001 T L001) .0098 | -.001
.55 Ol | 011k | -.001 1.16 062 | .0107}-.002 -1k 007} .0101| -.001L
1.15 .068] 010 f-.001| 1.75 L0096 | .0113 | -.002 .2 038} .0099 ]| -.001
1.63 JA01 ) L0116 | -.002 2.4 A31 ) .o12h | -.002 1.23 L0651 .0103| -.002
2,11 JA29 1 L0124 | -.003 2.96 166 | 0136 | -.003 1.87 L0991 0111} -.002
2.65 Jdéz2 | .0139 | -.003 3.60 gk | Lo1ko | -, 2.51 A3k L0120 | -.002
3.35 Ja9k | L0152 | -.00k k.18 22k .0163 | -.00% 3.03 . .0132 | -.003
3.76 225 | .0168 | -.005 4,66 . 283 0178 | -.005 3.66 196 .o1k5 | -.00h
k k3 2251 .0188 | -.006 5.23 . .0196 | -. Loos .226| .0158| -.00k
5.06 286 | .0220 1| -.006 5.70 311§ L0216 | ~.007 k.76 2551 0173 -.
5.57 319 | 026k | -.006 6.32 .3k0 | .023g | - 5.30 0191 | ~.
6.00 .319 | .030k | -.007 6.8k 3601 . -. 5.85 .312| .o021k| -.007
6.63 377} .0351 ] -.008 T.87 Jo8 | 0336 | -.011 6.35 341} .0233] -.
7.59 J50 1 L0505 | -.011 8.83 185 .oh3h | ~.01k 6.97 .37TL} .0260} ~-.009
8.51 5071 .06h5 | -.013 9.99 5531 .0611 | -.016 T7.93 A32) .0313] -.012
9.62 STl 08361 -.01k | 11.01 618 .0899} -.016 8.99 490} .0387] -.01k
10.65 6181 .1002}-.01% | 12.11 B811 1167} -.027 | 10.11 . .05k | -.007
11..67 LH7h 1210} -.016 | 13.16 32| Ok} -.017| 111k 616 .0551) -.019
12.68 L6 Alk33f -.011] 315,11 803] .1885( -.008 | 12.23 6801 1131 -.016
14.66 .To%) 1890} -.011 ] 17.19 8591 .2k03}{ -.01%k | 13.32 .78| .138%} -.012
16.7h 8651 .24i13| -.015] 19.20 908 | .2926}-.018 ] 15.63 861 .1889) ~.008
18.75 S0kt 20131 -.019| 21.05 9381 .3k00(-.0%7} 17.32 .858| .2388} -.01h
20.66 9221 .3431 ) -.088 | 23.08 9501 .39h8] -.05k | 19.39 .913} .20k9} -.018
22.6h Sh6} .3018§ -.054 21.1% .93kl .3510( ~.050

2,65 o8| .k320} -.
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TABLE XIT.- DATA FOR PLANE WING OF ASPECT RATIO 3 WITH J-l-‘jo SWEEPBACK
5 PERCENT THICK WITH MODIFIED LEADING EDGE - Continued

(b) Free transition
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TABLE XIT.- DATA FOR PLANE WING OF ASPECT RATIO 3 WITH 1(-59 SWEEFPBACK ,

(b) Free transition - Concluded

5 PERCENT THICK WITH MODIFIED LEADING EDGE
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TABLE XIIT.- DATA FOR WING OF ASPECT RATTO 3 WITH )+50 SWEEPBACK, 5 PERCENT
THICK WITH MODIFIED LEADING EDGE, CONICALLY CAMBERED FOR -CLd= 0.225 AT

M=1.0 .
(a) Fixed Transition

© Jow|ow [ [«afow o [alefo o [m [«]al s
M= 0.60; B = 2.940% ¥ = 0.80; R = 2, Q09 M= 0.90; B = 2,905 M= 1.20; R = 2,9x1008
~6.77 |-0.4%9 | 0.0646 jo.0l1 [-6.90 |-0.489 [0.0710 [o.002 | -6.99 {-0.53k [0.0851 o.:i -6.65 } -0.%17 | 0.0837 | 0.109
-6.23 [ -.419| .o570 | .11 |-6.37 ] -.466] .0660 | 022 | 6.4k -'ﬁ LOT5h | . -6.201 -.475] .oThs ] .099
~5.69 -.ggg gzok 01 |-5.8 ] -k gg .21 -5.80 | -.468 1 0660 | .oh0 |-5.56 | -.k32 | .0658) .088
-2.13 -. LOh31 | .008 :z.as -394 | . Q20 -233 -.h33 8;76 .037 3.01 -.333 JO5TT| .OTT
- gg -7 | 0376 | .007 TL| -35T7] .ok28 | .17 | -k.78 | -.398 | . .03% M| - ﬁ 067
-4, =276 0318 [ .005 [-h.15] -.316 osgi o1k | -k22 | -.35 | .ok20 | .030 {-3.93] -.30% ]| . ﬂ
-3. -.238] .0213 | .003 |-3.59 | -.27k| .03 L | -3.65 | -.312 | .035L| .02% -3.3 -.262 333% .
-2. =201 | .oe32 | .o |-3.02| -.230| .25k | .00T | -3.08 | -. 86| .m8 |-a. ~281 . .038
-2, -.164 | .99 |-.ooL |-2.46| -.187] .21 | .00k | -2.%0 | -. 0233 | .01 |-2.36| -am5| .030% oeg
=1.30 | -.092| .00152 |-.003 |-1.3k| -.106| .0154 [-.00L | -1.35 | -. a6l | .ooL |-l -.096 1 .0ekyj .o
-.Th | -.057| 0136 [-.003 -.g -.063 1 .0135 -.ga - 77 | =-.060 | 0138 | ~.002 | ~.Th| -.,05k} .0231f .
=45 [ -.030] .27 f-.005 | -. -.041 | .28 |-, -4 | -.039 | .0031 |-.003 | -.k6| -.037| .ce2s| .oc2
,03 | -.001}{ 0120 [-.006 .03f o0 L0120 |-.007 .03 .00L | .ok | -.007 .0L| -.008( .oce20 -.g
31 022 | 0017 | -.007 .32 L0255 (0116 |-.007 .32 .025 | .0120 | ~.008 . Q6| .c218] -,
95 L0671 .02 } -.00T .96 .063{ 011k {-,009 .98 .070 | .09 | -.011 . 051 .o21ef -.00k
2.04 J27( L0123 | -.009 | 2.09 J1k6 | (0126 |-.q12 2,12 JA62 | L0037 | -.017 1. Jd32] 0239 -gEJé
2.52 163 .0132 | -.010 | 2.65 188 (o138 |-l 2,70 218 | 56 |-.el | 2. A72 | .0260] -
3.1 . a1kt | -.0tL | 3.20 ﬁ o852 l..m6 | 3.26 zga LO0i78 | -.c2k | 3.02| .200| .ce85i -.OM8
2.68 230 (0156 [ -.012 g.'rr . .7l [-.018 E.Ba .3 L0012 | -, 031 3.56 248 | .08 -.
.22 264 | L0178 | ~.0Lk. .32 305 | L0196 |-.019 R ] .353 | .0253 -.g k.10 288 .0358| -.08
4,76 L2981 .0197 | -.015 &, 88 343 LoeR7 |-.021 h.98 . L0300 | -. k.6h .330] .okos ] -.o7
5.31 .332( .0219 |-.016 | 5.43 Zao L0259 {-.022 | 5.55 R % -.052 | 5.18 ﬁa LOhs6 | -,
5.85 23681 .0290|-~.018 | 5.99 Jag ) Loeor {-.023 | 6.13 52 . -.063 | 573 Ao .0317] -.093
s.gg Egg m -.0l8 | 6.55 461 ] L0382 |-.006 6.7L 568 | 0562 | ~.076 6.27 % o] -.10
7. . . -.019 T7.69 52| L0839 |-.03% 7.5% 660 § 0800 | -.092 T'EG . 0759 | ~.123
a.s59 223 L0647 | =085 | 8.78 .616| .o0800 [-.039 8.88 6T2 0226 -.0T3 8.62 b5 . -.139
10.75 . 1 -.023 {10.90]| .690( .1225 [-.08L | 11.0% T2 | L1865 | -.082 |10, gls: L1836 | -.16L
12.88 'B{gg 954 {-.028 |13.05 794 | LAThS |- 11,70 . L1637 | -.148
15.00 . .2088 | -.030 |15.13 836 | (2194 |~.050
17.07 .90k | .26k7 | -.036 [17.23 .90% | .2761 |-.

M= 1.30; R =2.9x108 H = 1.50; R = 2,9x108 = 1.70; R = 2,9xL08 M= 1,90; R = 2,908
-6.59 [ -.M9] o783 ggg -6.5% -.gR .ossa .083 1 6.47 | -.320 § .0632] .068 |-6.43| -.279| .os80] .om7
S5l el ok | e || The| SE [ |2 2B |2k e 2B 2 2B %
=5.5L | =.37¢ . . b7 lo-a3k . .67 | 5. -. . . -3, - . .
-Egg ~.3k0} .o557] .om ia -.26h gzdt .060 -ﬁ -.ehe gi% .&;ﬁ -E.Bb -.216 | .oMik| .0B3
-k, -.306 | &g 062 |-k, -.252 ) .05 &p: .35 -.217 | on28 | . -h65( -9 | .oms] o037
~3.90 | -.270] .0#A3 gai -3.87| -.223| .ohoS | . -3. -.191 | 0388 ] .038 |-3.8¢| -.158 | .o3t0] .032
-3.36 | ~.233{ .0395( . -3.33| -.192{ .0365 | .03T7 { -3.30 | -.267 | .03 032 (-3.28| -.146 ] .;m39 a2y
-2.83 | -.196] .a352] .036 |-2.80| -.262] .0330 | .o30 -2.71 =142 0322 026 |-2.75| -.125 | .03
-1, -.08%] .51 .o12 |-2.27| -.133| .0300 | .23 | -2.2% | -.115 | .0299 | .o20 |-2.23| -.203] .ce1| .ou7
«.73 | -.050| .02481} .005 |-1.27 -.£ gggg a0 f -l.25 | ~.062 | ,0261 | .008 [-L.25} -.058 aaza .007
-.OE -.031) .oehi] .00l | -72f - . 003 | =71 | ~.036 | .0ek7 | .003 -7l -.@5] . .002
. 0Lo| .o23h4 -.gg - -,027] .0236 |o -] ~.023 | .c2k3 |0 ~hsl -o0e5 ] .cal [+]

.30 016{ .0235 | -. el ~.00hkl _o232 |-.00k 02| -.005 | .oek0 | -.004

K:. ] 052! .0e36 | -.016 .29 o2 | .0231 |-.008 .29 .oa7 .gg:g -.007 26 003 | .0ekof -,006
1.23 20! Loe59 | -.030 .85 . O .0233 |-.015 .83 0% | . -.gi 82 027 | .02k -.00L
2.47 571 L0280 -.822 1.32 .1 L0255 |-.028 | 1.90] .088 | .ce62f-. 1.88 07| L0255 -.020
3.0l 191 L0305 | -. 2.5 .132{ .0273 -.gﬁt 2.33— LI3T | .0296 | - 03k 2.l o9 | .o6T | -.oeh
2.5# 2251 .0336 | -.05h 2.99 162 gz -. a J161 | 038 -.&;z z.fg 1k [ L0284 | - 009

.08 .261 gg -.062 2.52 a9 . -.Ob7 -0l 287 | o346 | -, 3. 136 | 0308 | -.033
.62 . -.069 .05 220 .0355 [-.083 | h.oh 211, R;{& -.g;z 2-98 L1586 | .0327 -.gg
5.15 .Oh62 -.g-ajn k.59 281 | .0396 |~.05% | 5.07 .36 | .ok ] -, .52, JA80 | L0357 -
5.69 .36k LO9LT [ ~-. 5.12 278 JOB36 |-.065 | .60 261 | LOW33 ] -.060 | 5.03 .20L | .0386| ~.0h6
6.23 -399| .0579{~-.093 5.65 .3 .0k81 |-, 6.12 .28 .0858 | - 06k 5.55 222 | ,0ke1] -.050
7.30 R () 0723 | -,109 6.18 .33 L0532 |- 7.18 .33 ,0600 | ~.075 6.08 25 | o480 -.052
8.381 .335 - 3.25 .3911 -0654 {-.091 | 8.2k | igg 0727 | -.086 ZB 287 o8| -,
10,51 E59] . -.1%9 321 k2| o196 [-.103 lo.Eg . 21013 | -.105 N .329 | 0551 | -,
12.65 LTT| J1The | -aT2 {10k 558 | 126 |-. 12, STk | L2367 -.]fg 10.28 J19 ] L0915 -

12,57 . 1529 [-.1k8 1h.gg AT92 | -.1 12.28 501 | L1230 -.106
13.71} -.03 | ~.0019 }-.0%3 { 16. 5 | .2277 |-.160 Jibh. k7 S8 L1591 | - 1
16,58 .656 | .2021 | -.13k
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TABLE XITI.- DATA FOR WING OF ASPECT RATIO 3 WITH ’-I-5o SWEEFPBACK, 5 PERCENT
THICK WITH MODIFIED LEADING EDGE, CONICALLY CAMBERED FOR CL, a= 0.225 AT
¥ = 1.0 . "

(a) Fixed transition - Concluded

i I CL I Cp l Cx = l Cr, } Cp | O @ | Cr, , Cp l Cu
M = 0.22; R = 3.0¢10% N = 0,22; R = §.00408 M= 0.22; R = 8.06A0°%
~3.48 | -0.216 | 0.0239 | 0.00L [~3.75 |[-0.215 |0.0238 [-0.001 | ~%.10 |-0.22k | o.0252| 0.002
~3.01{ -.185| .0211| O -3.17| -.281 | .0202 | -,001{ ~-3.20 | -.161 .0198{ .o0L
-2.5 | -.153] . -.001 |-2.56 | -.1k9 | .0172 | -.002| -2.69 | -.159 .0172] ©
-2.01| -3120] .0168| -.001L |-2.08 | -.117 | .OML5L | ~.002| ~2.08°¢ -.128 .01%6] 0
-1.53 | -.092| .05t | -.001 [-1.53| -.087] .013%k | -.003|-1.60 | -.09T .0138] -.00L
-97| -.060| .0133} ~.002 |-1.05| ~.057]| .012k | -.002 | -1.05 | ~-.067 .0117 -.002
-M7| -.032| .012k| -.002 | -.b7| -.026| .0133 | -.00k]| -.5T | -.03% .0109{ -.002
J1| -.00k| .o11k| -.003 .07 .001| .0108 | -.00k| -.02 | -.002 .0105{ =-.003
.61 026 .onrxe| -.003 . 028 | .0106 | -.00k .07 .003 .0102{ -.003
1.04 OS] .on2 -.ga 1.10 055 | 0105 | ~.00k 62 E .0101| ~.00k
1.58 077 0115 - 1.72 088 | .010 | -.005] 1.20 087 .0100| -.00%k
2.10 JA23) 0122 - 2.35 J23 | 0117 | -.005| 1.9% .10k L0107 -.00%
2.73 Akl L0227 -.005 | 2.93 A58 | L0229 | ~.006] 2.15 .1ko L0116 -.00%
3.23 A7l .01k0 | =.006 134'57 A89 | .01kl | -.007| 3.06 A7 .0126] -.006
3.82 .20k | .0153 | -.007 A5 220] .0155 | -.008 | 3.63 200 .0139] -.
k.37 237| 0172 | ~-.008 } k.66 2% | 0172 | -.008] k.18 232 0153| -.00T7
k.98 265 L0195} -.009 ! 5.20 280 | .0190 | .00 k.72 .253 .0170{ -.008
5.50 2951 0215| -.010| 5.72 .310 | .0221 | -.011| 5.33 .28k .0193{ -.009
6.00 .327] .023 -.011 | 6.23 .336| .0232 | -.011| 5.88 .311 .0216{ -.010
6.56 .359 oasz -.012 | 6.91 369 | .0263 | -.013] 6.35 .339 .0239] -.o11
T.61 418| .0323{ -.01k | T.81 Q28| 0316 | -.005( 6.91 .369 .0268] ~.012
8.55 M7 L0388 | -, 8.83 A86 | . 022 -.018| 7.93 k36 .0326{ -.015
9.66 53k .0502) -.01T| 9.89 Sh9 | . -.02L]| 8.96 k93 .0396] -.018
10.73 5991 072kt - 10.95 610 | 055 | -.02k 10.12 555 Ok79| -.021
11.69 671( .098k} -.026 |12.07 610 | 076k | -.026] 11.1 611 .056%] -.02k
12.72 .RT| .1285f -.019 |13.10 .137| .1030 | -.030| 12.17 672 0663 -.026
1%.76 809 | .1810} -.019{15.11 835 | 1756 | ~.026 Ja.gz . .1009| -.
16.81 88k| .23%0} -.019 |17.19 900 | 236k | -.025] 15. 830 791 -,
18.82 939| .2920| ~-. 18.92 SR 2935 | ~-.020 1T.35 903 L227k| -.
20.Th | .9T5 .igls -.046 |21.06| .98 205121 -.0lg | 19.52 ST | .3069( -.
22.77 987 JAonr| - 23.09 989 | .hoU5 | -.057| 21.25 967 -3978| -.050

(b) Free transition

cjalo [@[cfa[o[w [eJa[w el «[als|a
M = 0.60; R = 2.9x1.0% M = 0,80; R = 2.910° N = 0.90; R = 2,908 M = 1.20; B = 2,9x10%
-6.78 | ~0.461 0.0646 | 0.013 } -6.91 |-0. o.o7h2 | 0.023 -6.23 =0.539 | 0.0838 o.glkl -6.65 -o.iel 0.0832 | 0.112
-6.231 -. gg . -6.37 | -.*12 | .0659| .023 |-6. -.205 om0 . -6.10| -6 | .om35| .100
-5.363 - . .01 | -5.82 | -.kko gg 022 -5.82 ~km2 | (0657 | .oML| -5.56| -.k33| .o6h9 | .089
:i' -.359 | .0%30| .o10 :2.27 =har | . 021 :E.s -k36 | . .038 :E.Ol - . .078
59| -.320 | L0367 . T - .oke2| .8 .78 | =398 | . .03k A7 -.3%61 . .08
.05 -.283 | .0313| .008 | 415} -.320 | L0356 | .05 |-k.22 | -, 0k13 | .031| -3.93( -.303| .ohkL ﬁ
-3.50| =-. 02631 . -3.59 { -.280 | .99 | .l |-3.65 | -.33% | .o3k1| .oek | ~3.38| -.260| .038%| .
-e.Eg -.208 | 0222} .002 | -3.03 | -.23k oeba .008 }|-3.08 | -.260]| .c@m1| .025| -2.8%| -.21%| .0331| .038
-2, 172 | 187} .00 | -2.K =193 | . OOk 19,55 | - oe22| .01 | -2.29| -.2172| 0291 029
-1.30| -.092 | .0130] -. -1, =106 | 0136 -.002 {-2.36 | ~-. L0143 | -.00k | -1.28 | -.002| .0233} .13
-Th| - L0110 | -, =77 | -.063 | .01k | -.00k -.H -.060 [ 0128 -.005 -.E -.053] 0213 .005
2| -.003}) .0093| ~.005 | ~-. - .0003 | -,006 | -. -5 | 0106 |~.009] -. -.032 | .0205 ﬁ
.30 .017 [ .0090]| -.006 03 .o0L | .0095 | -.008 Ok | .01l .0099 ) -.011 2| -.006] .c200|~-.
.93 050 | .0085| -.006 .32 .02k | 0091 | -.009 .3k ggg L0096 | -.012 .30 07| 0197 -
.03 118 | L0089 | -,007 .96 . +008T | -.009 .92 . .0092 | -, oLk .86 .059 | .019T | -.00T
2,58 JA55 | .owon| -.008 | 2.09 k3 | 0097 | -.aq11 2.13 166 | .07 | -.018 1.219‘ 136 L0215 | -.033
3.12 189 | .15 | -.009 | 2.6k Ja8e | .12 —.o:i 2.70 .21k | 0131 -.022 2. AT L0236 | - 081
E'GT 226 | .u31{ -.00) § 3.20 222 | (22| -0 3.5’; 262 | 0160 -.006]| 3.02 k| 026k -.050
.22 258 | . -.qa2 376 261 | 0152 | -.018 i .307 | 0189 | -.o029 2.56 252 g.g -.058
k.75 .20 | .0158 -.mi .32 .30k ﬁ -.019 R4 ig‘:{ .0236 -.gai .10 2921 . -.087
5.29 .323 | .o191| -.o1 k.86 33k} . -9 | k.98 . o0t | -, k.65 .33k gigl -
5.8% .360 | .0222| -.005 | 5.%3 37T | -c2k0| -.02L | 5.55 R ] gzg;r -.050| B5.18 .iﬂ, .Ohbs5 | -.086
6.2& . 249 -, 5.98 | . ]‘E .02k | -. 6.13 Sk | . -.065 | 5.73 Jas| o510 -.096
7.55 . 0379} -.c08 | 6.5k R 038 | -.02k | 6.T1 559 | 0558 ~.016 6.27 J62| 0586 | -.107
8. . L0536 | ~.023 g.66 538 | 051k -.gﬁ T.8% 661 | 0796 | -.093 g. S50 . ~.128
10.72 652 10330 -.020 .78 62k | o782 | - 8.88 .6 .0982 | ~.076 . 637 . ~.146
12,86 753 éﬁi - 10.88 683 | 1205 -.gﬁ ii.0L T 1399 | -.070 | 10.6 795 WA -.165
1k, 97 836 . -.026 | 13.03 .780  .1713 | -.
17.05 894 | .2585] -.032 | 15.12 .837 | .2202 | -.09
17.20 -850 | .2m6 | -.062
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TABIE XITIT.~- DATA FOR WING OF ASPECT RATIO 3 WITH 11-50 SWEEFBACK, 5 PERCENT
THICK WITH MODIFIED LEADING EDGE, CORICALLY CAMBERED FOR CLd=O.225 AT
M=1.0 '

(b) Free transition - Concluded

e fofJal e]afo|m [c]lalo [ale [ao |
M= 1.30; R = 2,9x1.08 Mw 1.50; R = 2,9x1.0° M= 1,70; B = 2,940° M= 1.90; R = 2.910°
-6.59 | -0.%52 10.0783 | 0,099 | ~6.53 [-0.376 |0.0582 |0.082 |-6.47 |-0.322 [0.0525 | 0.069 | -6.%2 | -0.285 | 0.0573 o.gg

-6.06| -.k17 | .ot02| .090] -6.00 ) -.346 | .06k .oT> -5.2& -.296 | .0566] .063 ] ~5.90| -.263( . .
:3.52 -.379 | 062k | 081 :i.lrr -.318 | .055% | .068 -j 1 -.g& 051)3. L0597 jg‘; -2k | ,0h78| .050
gg -.383 | 0555 ] o712 .93 | -.287 1 . .06L 88 | -. . 046l gﬁl . -.220| .O%3%| .Ok5
-k, =307 | . L063 | k. -.254 { . gge .36 | -.221 | .oh20| .ob5 | -4.33| ~.297[ .0393| .03¢9
-3.90] ~.268 | .0k3 ggi -3.86 | -.223 | .0393| .04 |-3.83 [ -.192]| .0377| .38 -3.80| -.iT5| .03%8| .03k
-3.36| -.232 | .0385 | . -3.33 -..}2 .0352 [ .037 |-3.30| -.167| .o3%; .032( -3.28] -.153| .0328 gg
~2.82] =195 | .o3k2| .036| -2.80 ] -. L0316 | .030 |-2.77 | -.18O} . g 06| 2. 76| -.32] .o .
-2.28| -.157{ .0305| .0er| -2.26 | -.133 | .0285| .023 |-2.2k | - 118 . 02l | -2,23| -.110| .c@78| .09
~1.27| -.082 { .0e50 | .012| -1.26 -.go 0239 | .009 [-L25{ -,062] .02k3] .008| -1.25| ~.062| .o2h3 ggg
=73 -.088 | .0230] .00% _'F ~.0h1 | L0225 | .003 - -.037 | .0e29{ .003 -2} -.0hl| .ce31| .
- h57 -031 | .22k ] 00| -4 | -.025( .ce20l0 - -022] 2250 45| -.031| .oe27| .002
R - L0217 | -, 008 .02 | -.005 | 0210 | - 00k .03 002 ) .ce21 | -.006 o2 -.ggi .0221 | -, 00%
.30 g;.i 021k | .008 .30 .13 | .01k | ~.008 - .006 | .0220 [ -.007 27T - 0221 | -, 00%
.86 . .0216 | -. a6 85 o5 ] Lo | -.005 .83 036 | .oe2k -.g R o] .o2e2|-,009
1.9% 126 GPJE -031} 1.92 105 | 0236 | -.028 1. L0871 .o2hh | -, 1.87 .065 ﬁ;{ -, 019
2.7 60| . -.322 2.98 161 | L0278 [ ~.080 | 2.43 d12 L0259 | -. 2.ko 085 ., -.023
3.0L 190 | L0282 | -. i.;e 193 | .o3o7 -.g;l 2.96 138 ] .o0280 -.g e.ﬁz 108 0256 | -.008
2.55 227 [ LOBLT |-.034 .05 223 | 0340 -, 3.48 63 ] .o30k | -, 3.5 .131] .oe87|-.032
.08 L2631 . -.063| k.58 249 .&76 -.060 | k.l JA8g | .0332 | -.Oh5 ﬁg; JA52 1 .0310 -.33
%.62 297 . -, 070} 5,11 279 | .08 | -.066 & 54 213 ] ,036% | ~.050 . AT3| .0336 | -
5.6 .333 ] .ows2]-.019| 5.65] .310} .Ok69|-.013 | 5.07 | .236 &;szg ~035| s.02] .95 0367 -.045
5,70 .37 .00} -, 6.18 337 | .0519 | -.080 5.59 261 . -, 061, 5.5% 2 . =-.050
6.23] . L0570 [ ~. 7.2k ig}z .0638 [-,092 | 6.2 .285( .ou83|-.086| 6.06| .238|( .okko|-.05h
3.31 B¢ %; - 111 B.gl . L0786 | -.106 . | T7.18 3351 L0587 -.g_s{ g.u .283 o:gz ~.0563
.38 . . -. 10.h3 .361 | 1118 -.128 e.gﬂ ﬁ oo -. .16 Eg .06, -.072
10.52 667 | 128k | -.253 | 12.55 661 | 1529 |-.150 |10, . .0998 | ~.107 | 10.26 . .0898 | -.051
12.65 7L | 1755 | -.175 1868 763 | .2002 | -.270 |12.%5 569 | L3k | -.1o5 (| 12,35 keS| . -.107
14,56 637 1760 | 182 | 1k, Z{g . ~-.121
16.67 STH3 | oL22k2 | ~.15T | 18, . L1986 | -.132
s [a |o [a|le]a {ao]la| «]lalo|a
M = 0.22; R = 3.0¢0° M = 0.22; R = 6.0000° K = 0.22; R = 8.0010°
-3.88 |-0.2h2 |0.02%2] 0.001 | -3.94]-0.248 o.gig 0.002 | -h.07| -0.254 ] 0.02%6] 0.004
-3, -7 K 4] 3.7 -, . ©o02| -3.78( -.227] .0236] .003
“3,07 | =« .0200| -.001| -3.27| -.2190 | . o -3.26| -.19%[ .ca99( .o02
-2,5% | -.154 .01 -.o01] -2.66| -.156 | .oa72] 0 -2.69 =-.162] . 001
-1.88 | -.119 0133[ -.003) -2.08{ -. O1k6t -,000 | -2.17| -.132| .olky| 000
-1,53 | ~. .12k | ~,00k | =157 -. 0126| =001 [ -1.66| -. .0126] 0
- -.058 .0106| -.004| -1.05| -.067 | .on3| -.001| -1.05| -.066! .0107| -.001
=43 ] ~,026 009k} -.005] -.47] -.034| .0098| -.002 -.481 -.037| .o097! -.000
-0210 .0090{ =.005] -,05 -.00k | .0092( -.003 ~.05| -.005| .009L[ -.002
.58 ,030 .0087| -. 58| .27 | .0085| -.00k .Th .026{ .0086 -.gﬁ
1,10 .ggz .0082| -. 1.07 .055| .0085| -.005 1.16 .053{ .o08%| -,
1.58 K .008k| -.006| 1.64 .086 )| .0086] -.005 1.83 093] .0088| -.00%
2.10 113 .008g]| -. 2.32] .124 | .009%| -.006| 2.45 JA31[ .0099] -.005
2.7 lh2 0096] -.0061 2.871 .160| .0110| -.006 3.06 . 0112 -.006
3.29 . .0113] -.00 2.56 190 | L0124 -.00T7 3.60 .193| .0125] -.006
E.Ba 208 .0128| -.008 A8l .19 | 0139 ~.008 ka3 823 .0lko! -.007
JBh . a15a] -.010{ hL.63] .2 0158 -.009 k.69 8531 0155 ~.008
5.01 270 orpf ~.010] s5.20f . LOLT7| ~.009 5.80 £83| .017h| -.009
5.52 .302 01g6) ~.011| s.7e| . .0198| -.010 5.7 . L0200 -.010
6.0 329 0208f -.012( 6.20f .335 [ .o2e0| -.011| 6.29 339 Jo2e2] -1
6.59 360 .02h5| -.013| 6.78 u .0248| ~.012 6.87 30| .o2kg| -.012
T.61 R0 0303 -.015| 7.80 . .0304| -.015 T.50 A3l .o306) -.01%
a.55 AT .0363{ -.017| 8.83| .h0| .03%8| -.015 8.90 « 535 .0373| -.018
9.70 Skl .0381] -.017] 9. ks | .obhs| -.020} 10.08 Shgt Loks8| -.020
10.76 605 .0823] -.017| 10.98| .602 | .o53%| -.023] 11.05 29 .0538| -.023
11.72 666 JA051] -.020( 12,00 .668 | .O0T5k| -.025] 12.17 667 0675] -.02k
12.77 713 1281 - 13.0 733 | .1023] -.030| 213.26 732 .0973]| -.
14.83 805 1789 -.018) 15.1%  .0%3 | 12! -.029] 15.30 83 1733 -
16.87 .880 2322 -.018] 17.1 8961 .e3k7 -.02k| 17.35 896) .23%6] -.02k
18.88 .939 0] -,019] 19.23} .946| .2975| -.020] 19.k2 Sh5| 2983 -.
20.74 977 3h65) -.033| 21.02f 978 .3%26] -.062) 2l.22 96| 3567 -.0k2
22.7h | 1.00k h3( -. 23.06] .991 | .kORk| -.05%] 23.15 .995] oM -.ggg
24,68 | 1.00k ihs1) -.057] 2,71} .993 | .hko9! -.0%k | eh.7@ ) 1.00%| .MusB] -.
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TABLE XIV.- DATA FOR WING OF ASPECT RATTO 3 WITH 1-!-50 SWEEFBACK, 5 PERCENT
THICK WITH NORMAIL. LEADING EDGE, CONICALLY CAMBERED FOR CLd= 0.292 AT
M=1.0

(a) Fixed transition

o [ o [ [ [a]o [ o [ o [ow |em [afoa [o]e
H = 0.60; B = 2.910% M= 0.80; R = 2.9A0° M = 0.90; R = 2.9x10% M = 1.20; R = 2.9x10°
-6.80 | -0.465 |0.0693] 0.015 | -6.9% -O.EOO 0.0788 } 0.026 [-7.03 | -0.54k | 0.0903 |0.051 |-6.67 -o.gga 0.0888| o.117
~5.26| -.,b40 | .0623| .m6 |-6.39| -.by2| 0699} .05 [-6.88] -.517| .of13 xg -6.12 | -.h87 | .ot92| .106
-5.72| -. 83% 017 | -5.85 | -.kk7| .ok | .025 |-5.93| -.%83| .om3 | . -5.58} -.443 | .otOL] .
:2.18 -3751 . .016 | -5.30§ -.k15| .05k9 oeg :E.38 -.k51| .0630 | .ok3 [-5.03] -.398 | .061T{ .08k
63| -.341 | .che2| .15 | -B.75| -.380] .0&T8B| .02 B2l -2 osgo Olo |-k, - .ggks 075
-5.08| -.306 | .03661 .013 | -k.L -.3% | .ohk11| .o21 f[-k.27]| -.37T9| .ok75 | .038 {-3. -. . 066
-3.53 | -.269 { .0314| .02 | -3. -.305] .0333| .09 [-3.71| -.341| .oko§ | .035 |-3. - .ok28| .osT
-2.98] -. .269| .010 | -3.07| -.263{ .0299| .06 [-3.1%| -.295| .0338 | .029 |[-2.86| -.2%2 | .0377| .0%9
2.5 -.195 | .oe32| .008 | -2.51| -.222| .02%2| .03 [-2.57| -.253| .0282 | .02k |-2.32] -.20k | .0333| .0%0
-1.3%| -.223 | .ou7%| .005 | -1.39| -.140] .0182( .008 |-1.B2| -.115] .ca9% | .013 [-1.23| -.,122 | .Q268 oza
-.79] -.087 | .0153| .o003 -.83| -.099 mﬁ .005 -8 -.110{ .8 .009 -.69} -.083 { .0248| .
-51| -.069 | .0Lk6| .003 -.og -.068 1 .o .003 =55 | -.017| OO 005 -5} -.063 | .02k1| .10
-03| -.031 | .013%| .02 | -. -.033| .0135f .02 | -.05| -.037| .c1ko | .002 | -.01f -. .0229| .oo
25| -.01% | .0130] © 2k -.015| .0130(0 2k | -.018] .013k o 25F -.011| .0228| 0
.89 .023 | .02k -.000 .91 .033{ .0123 | -.002 .93 .Oha Olgi -. 82 .035 | .0e29| -.009
2.01 .099 | .a131| -. 2.06 A18( .0132 | -.005 2.10 2371 .ol -.010 | 1.92 15 | Loel5 | -.0e5
2.56 2135 | .0137 -.ggi 2.62 158 | .okl | -.00T 2.66 8ol . -. 2.h7 . 0263 | -.033
3.1¢0 66 | Laaks| -, 3.18 2961 0155 [ -.008 | 3.23 228 | ,0176 |-. 3.0 .1 .0286 | -.0k1
3.6k 299 | .ai57] -.005 | 3.73 .23k | .owL70 | -~.010 l3‘.80 . 020 |-.020 | 3.55 .233 | .0317| -.050
&.19 .23%5 | .o172| -.008 .29 269 | -0195 | -.011 gz L3151 J0k2 |-.005 k.09 271 | .03 -.058
73 267 . - k.85 301 .0218 -.013 k. . 0290 -.3212; .63 309 | . ﬂ -.067
5.28 2308 | . -.009 | 5.k0 .34k .oehs | -.au 5.52 415 | .03%T |-. 5.17 kT | . -.076
5.82 .33 .0240| -.010 5.96 21211 0279 | -.006 6.10 k68| .ob2k -~.053 5.71 . .0500 | ~.08%
6.36 .36 . -.011 | 6.5 k20| .0319 | -.017 6.68 526 | 0522 [-.066 6.26 2t | L0566 -.093
T.%3 k31 | .o3k2| -.012 | T.6% 508 | .O%M1 | -.019 7.8 6231 .0733 |-.083 T34 502 | L0711 -.210
8.55 505 | . -.0tk | B.77 590 | .0852 | -.028 | 8.9% 699 ] .0969 |-.093 8.k3 586 | 0896 -.
10.73 641 OE;?‘ -.a18 10.3 666 | .11kl | -.031 10.62 152 | o.13%2 | -.453

12.86 .73% | L2 -.019 | 13. 6| . -.0k0
1k.99 826 | .1986) -.023 | 15.13 818 | .2ror|-.0k2
17.08 .889 | .2529] -.026 | 17.23 880 | . =057
18.10 .g02 § .2779{ -.033
M = 1,30; R = 2,9x108 M =1.50; R = 2.9x10% H = 1.70; R = 2.9x10° H=1.90; R = 2,9x10°
6.61| -.k57 | .0830| .102 | -6.5%k | -. o724 | 086 |[-6.k8f -.327| .0664k | .072 |-6.43| -.289 | .0611| .o62
-6.07T| -. .o7! o9k | 6.00L}f -.35% | .0658| .ot9 |-5.96} -.303| .0507 | .066 |-5.90.| -.268 | .0561| .057
~5.53 | -.387 | .067L| .085 | 5.8 -.325| .0595| .072 j.ka -.278 | 0552 | .050 :3.38 -.2h7 .3313 052
-h.99} -.353 | .0603| .076 | k. -.297{ .0538| .085 90| -.2%5% 2;!; % 86 -.226 | .ok71| .OBT
k6| -18 1 . .068 | -k.h2} -.2681 .0k86| . -h.gz -2 . . .33 -.205 | .0k33| .ok2
-3.92| -.285 | . .059 | -3.88} -,239 ] .0k38 g? -3, -.206| .0%19 | .03 |-3.81| -.185] .0397| .03T
-3.38{ -.248 | .0%33 gg -3.3% | -.209| .0395( .ok3 |-3.31| -.182] .0383 | .037 -3.2 -.165 | .0366] .033
2,84 | -.213 | .0389] . -2.81 | -.180f .0358| . -2.79| -.157| .03%0 | .01 |-2. -.119 | .0311| .oe2
-2.30| -.180 | .0349| .03k | -2.28| -.2k9} . 029 |-2.26| -.131| .0321 | .05 —1.21 -.07% | .cet3| .o
-l.22| -.208 | .28} .019 |-1.21| -.092} 0278 .15 |[-l.19] -.078} .0eT7T | .3 -'I -.g(l) L0261 | 008
-.68| -.07L | .06 Sl f -5 ) -.081 | L0263 ( .009 -T3| - L0262 8& =h7] - gg .00k
-48| -.051 ) . .008 | -.b7] -.OR3 | .oe55{ .005 | -.46| -. 0259 | . 25 - . -.002
-0 - o2h7f 0 -] -.013 ] .0247]|-.001 -] -.0e1} .0e55 | .o01 T8 .010 | .0246 | -.007
25| ~.009 | .02l6} -.000 . Z.005 | .02h6 | ~.003 . - 0252 |-.003 1.86 05T | .0e60) -.017
.82 .031 | .oebz2} -.cL0 18 .0e7| .02%3 | -.¢0 .80 L020] 0251 }-.009 2.38 079 | .0e7i| -.022
1.% .105 | 0265 -.025 | 1.90 .090| .0262}-.02% | 1.88 013 | .0269 f-.020 2.& Jdon | .oe871 -.
2. .1k | .oeB82( -.033 2.%k3 18| L0216 j-.030 | 2.k 100 | L0282 [-.026 3. .123 | 030k | -.030
2.99 176 | L0305 -.0L | 2.97 158 | L0297 |-.036 | 2. Aok | L0299 |-.031 326 .1h7 | L0329 | ~.035
3.53 212 | .0335] -.049 3-50 177 | .0323 | -.043 E-W k9| L0320 --gag. %G 168 | 0355 | -.039
k0T .2k5 | .0370| -.O5T .03 205 | .03%2 | -. .00 A5 .03!? - 5.01 .190 .% -.g::g
k.61 279 | .ok1o| -.06% | k.57 .235 gg -.055 | k.53 199 | .o37h |-.086 5.54 213 | . -
5.1k .313 | .ouss| -.0r2 | 5.10 253 . - 5.06 .223 gzzs -.088 | 6.07 -235 g;g'g -.0%52
5.68 .346 | .0508| -.o9 | 5.63 .290 | .0468 | -.06T | 5.59 J2h7 | Lobk2 |-.086 | T.L 277 | . -.060
6.22 E{& 056k | -. 6.16 23181 L0517 | -.073 6.12 273 | .0488 |-.061 | 8.16 'E:?Z .0639 | -.069
g.zg 453 ggg -.100 T.23 I‘gg .0627 | -.085 T.1T .320| .0s82 |-.om2 |10.26 . .0882 | -,085
.36 507 | . -.11 8.29 . 07159 | ~.097 8.23 ggi .0693 |-.080 [12.36 k82 | .1a77 | -.101
10.50 629 | J1213] -. 10.k2 531 | .1066 | -.218 10.32 . 0970 |-.099 {1h.h6 959 | L1327 | -.115
12.64 Th6 | J166T| -.162 | 12.5% 632 .1hk8 | -.139 |12, 550 | .1303 (- 11T {16.56 636 | 1955 | -.127
1467 T35 | .1917 | -.160 |1k.5T 639 | 1706 $-.135 [i7.61 . .28 | -.135
16.69 ST26 | 2179 |-.151




52 L 2 NACA RM AS55G19

TABLE XIV.~- DATA FOR WING OF ASPECT RATIO 3 WITH 1-!—50 SWEEPBACK, 5 PERCENT
THICK WITH NORMAL LEADING EDGE, CONICALLY CAMBERED FOR CLd= 0.292 AT
M= 1.0 - Concluded

(b) Free transition

o« o] owfom Jofea | om Jo oal ow[om] «]ealow]o
M = 0,60; R = 2.40° M = 0.80; B = 2,9x108 H = 0.90; R = 2,9x10° M= 1.20; R = 2,408
-6.80 | <0.470 [0.06881 0.c16 [ -6.93 | -0.%98 [0.0778 [0.026 |-7.03 | ~0.550 |0.0902 {0.05k | -6.67 | -0- 0.0890 { 0.129
~6.26] -.da | 0612 .7 -6.32 -.k76 | .ot00| .026 |-6.48 -.@ .0812 &qg -6,12| -. o792 .07
3.17 =377 | OB73[ .0156 | -5. ~4k5 | L0615 m{ 5.93] -. o078 |, -5.58 | -.khg | 0659 .096
62 =.3k0 | .ok0B(| 014 _-2.30 -k13 | .o543]| .02 -3.38 ~56 | .0828 | .Oh4T -i.os -.k06 | .081T| .085
~4,08| -.307 | .03%%]| .3 T -.319 | .oh68 .03 |-4.82; -.ls .gg o2 | -k b9 -.364 | . 076
-3.53| -.270 | .0301| .a1 [-k.19] ~.3 ool | ,021 k25 ) -.379] . .039 -3.23 -.325 | .OkTh| .066
-2.3 -193 | .c21k[ .o07 (-3.63[ -.3c@ | .o3k0| .018 |-3.69 -.235 L0385 | .032 | -3. -.282 | .okl .056
-1.3 -.139 | .51 .o03 |-2.50] ~.217| .0235] .c12 |-2.55] -.2k3| .58 | .ol | -2.32| -.20% 0315 039
- 78| -.080 | .0120| .00 |-1.38{ -.23%] .0162| .006 {-L.mL{ -. o72 | o0 -l.23| -a223 | 0252 .02
-.50| -.06% { .20 .om -81 ] - o35 | .o -84 | ~.099] .o0k1 | .005 -77] -.082 | .ce31]| .02
28] -0 | L0006} ~002 | ~52[ -. . 00 | -.%3( -.060f o129 | 0@ | -.b9| -.0959 | .ce22| .o08
.90 .031 | ,0096 -'383 25 - .0L06 -.gcone s -.009 | .10 |-.003 25| -.000 | .0208] ~-.003
2.0, ,100 | 0203 ~. -] L0ho | L0096 | -. . 049 .OlOE -.00T 82 037 | 0209 ] ~.02
2,56 137 | L0111 f ~.005 2.07 .12k | .oo6 -.% .11 k6| Jaixk (- 003 l.ﬁ (119 | 0222 | -.029
3.10 .160E L0120} ~.006 2.62 160 .0AT | - 2.67 87| . -,016 2. .159 ﬁ -.337
i.é5 .2 .0130| ~,007 | 3.27 192 . -.010 | 3.2% .230 | 0148 {-.019 | 3.00 96 1 . -~ 085
.19 237 | .0a50] ~.008 2.73 .23 L0tk | - 012 E'BO 213 | 0176 |-.023 E.}k .232 0392 - 052
k.13 268 | 0168 -. gz 272 | .65 | -.013 .38 .32k | o220 |-.031 .08 272 | 0334 | - 061
5.28 .30k { .091] ~.01L | k. .309 .cngz -.015 k.94 .ﬁ'r L0a6k -.gzg k.62 .309 .gg'n ~. 069
5.82 .337 | .c220] - 5,40 39 . -.as | 5.52 8 % - 5,16 3% | . -.079
6. .i'rc 0249 -.m.i 5.96 ggg 0258 { -,017 | 6.10 R NN -.059 .71 290 .08k | -, 089
g. Sk %ﬁk - 6.52 . gagi -.019 | 6.68 .533 ] .omak -.gg 6.25 . o052 | ~.098
. Soe | . -.015 | 7.63 503 | . -.020 | 7.82 .630] 0T |- T.E 521 | .o7ok | - 115
10.72 k2 oﬁz -9 | 8.77 .596 | .o6k2 | -.030 8.9 705 | .0967 |-.098| 8. 593 %89 -.13%
12,86 4L . -.021 [10.88 .65 Jd122 -.gg 20.61 . L1343 ] -,
1%,98 .830 | .1980| -.c2k |13.03 Zea J1626 { -, 12,75 . A791 | -1

17.07 896 | .2533| -.028 |15.13 . 2107 | -. Ok
18.09 910 | .2790] -.036 |17.22 .88% | 261 | -.059
18.26 910 | .2929 | -.068
M =1.30; R wa.0a08 M =1,50; R = 2,940° M=1.70; R = 2,940° K= 1.90; B = 2,400
=6.62 | -.u62 o829 | .lok |-6.55) -.388] .o7er! 0BT |-6.%9( -.333| .0663| .o73 | -6.k3| -.293] .o0607| .06
=6.01 | -. orht| 095 |-6.00| -.357 | .0656] .0Bo -5.26 ~.308| .0608| 067 -5.9L| -.272| .05%5 053
5,54 | -.3 L0669 | .086 j.aa - 05911 .0T3 R BB o547 .06l :i.se -.249| o306 | .053
:i.oo ~.358 .0598 gg 95| -.300{ .0532| .066 .90 | ~.260| . 0356 861 -, o2 |,
A6 | -.323 ] L0832 . = k2 -.:E o8| 058 |-k.37 | -.23% ] .oks2 gﬁw -#.gi -.207| .ok22| .0M3
~3.92 | -.289| .ok7h| .060 [-3.88| -. 0430 ﬁ -3.85 | -.210| .cho9| . -3. - .0386 | .038
-3.38 | ~.252| . +O51 (-3.35( -.212} .0385 . =3.32 | - .0372| .038{ -3.29f -. .03%3 [ .033
-2.30 | -.179| .0333| .033 |-2.82| -.182| .o345| .036 |-2.79 | -.1%9f .0337f .o32| -2.76] -.1%3 mg 008
~1.22 [ -.206{ .0269| .018 f-2.28] -,1%2{ .0311]| .029 |-2.26| -.136 .0322 026 | -a.2k| -a20]| .0299| .023
-76 | -.069| .oew7] .00 |-1.22| ~.092| .o0260{ .05 [-1.20| -.080] . 013 ] 1.1 -.07%| .0250| .013
-kg | -.053| .ce38| .oor =76 -.062| .o24%| 008 - Th —.gg .02h8 gg _'K -.gﬁl 02T | .00T
g -.gg; o225 -.gﬁ -.223! -?h“f .g’r 0.005 LY & B o2k |, =lrl -.081| .cek2 | .0O%
. . el - - -. .0230 25| =007 L0233 -.003 23| -.m3| .ce32|-.o0e
1.91 L1056 .02kt | -.027 261 005 L0226 -.008 .79 L8| .0232| -.009 .78 .009 gﬁ -.00T
2.5 g2 | Loe60 -.g&z 8L 87| J220| ~a1 | L.88] .015f 0250} -.02.] 1.86 JO5TE . =017
2.99 A781 L0286 | -, Lﬁc 089 | .ok -.02k | 2.k .100| o6k | -.006 2.39 .080( .0256 | ~.022
2.53 2131 (03161 -.050 | 2,43 118 .Q2%6 ~.030 e.z& A28 .ee81 ] ~.03n E'ﬁ Jdee| .oemL| -.ce6
.07 247 | 0351 [ -.058 2.97 .1k8 czg -.&?6 E T kg [ L0302 -'326 3. Jd2%| .0290 | -.031
k.60 279 390 ~. 066 i.50 1801 . - 043 .00 JO75 | 0328 [ ~.0hL Elﬁ Jh61 .om2 | -.035
5.2k .316] .ok39| ~.07h O . .0333 ] -.050 k.53 200 .0359 ] -~.Oh6 . J6TE 0337 -.&g
5.68 1 .3%8] .ohan] -, AT .236| .0 -.05% [ %06]| .226| .0393(~00]| 5.l .189 32 -
6.22 . .05%2 | -.090 | 5.101 . . .063 | 5.5¢ | .0l .oéL|-.057] 5.33) a1 . -
7.29 . L0683 { -.108 | 5.6%] . oish| - 089 | 6,11 278 | JobT3 | -.062] 6.06 233 0838 -,053
8.36 | .52 .0838|-117 | 6.17]| .32 ( .oc2|-.0r5 | 7.7 | .322| .o570f -.072| 7.4 . L0521 | -,
10.50 .635] 1212 -.1k3 7.24 .379 { 0617 | -.088 8. W369) (0683 ~-. 8.16 'Eclzg .0620 | ~.00
12.6% 790 | 1666 | ~. 8.a<2> 432t o5 | ~200 1o.§§ b63 | L0958 -, 10,26 . . 086k -.gg'r
10. .536 | .1 -121 |12, S5 .azee) -9 12.22 4831 1161 ) -.108
12.55 .638] .1 ~.1k2 |1%.56 %ﬁ L1695 | - 136 | k. 561 L1518 -.217
14.68 T3T | 1908} -.162 |16.68 . 2165 | ~.150 | 16.55 .633| .2917 | -.126
17.60] .6T3[ .21 -.133
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0.292 AT

s CONICALLY CAMBERED FOR Crg

(a) Fixed transition

TABLE XV.~ DATA FOR WIKG OF ASPECT RATIO 3 WITH 1[-50 SWEEFBACK, 5 PERCENT

THICK WITH MODIFIED LEADING EDGE

M=1.0
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TABLE XV.- DATA FOR WING OF ASPECT RATIO 3 WITH 1&50 SWEEPBACK, 5 PERCENT
THICK WITH MODIFIED LEADING EDGE, CONICALLY CAMBERED FOR CLd=O.292 AT
M=1.0

(a) Fixed transition - Concluded

« jafolm[efa]olal:s]a IENE
M = 0,22; R =« 3.0¢10° M = 0.22; R = 6.0x10° M = 0.22; R = 8,0x10°
-3.69 |-0.eh8 }0.0289 {0.008 | ~3.76 | -0.253 [0.0279 {0.008 | -3.92 | -0.2%2 | 0.0292 | 0.008
-3.25 | =226 [ 0257 | .007|-3.%1| -.230| .0253 | .008| -3.54 | -.231 | .0266( .008
~2,61 | -.183 | .02k | .006 |-2.70( -.187] .0211 | .006| -2. -.18¢ | .0221| .006
-1.95 | =245 . 00k 1 -2.05 | -850 | o178 ggz -2.09 | -.150| .018% gﬁ
-1.58 | -.17| o172 | .coh{-1.67| -.123| 0161 ] . 1.7 | =-.123] .0287( .
-1.03 | -.086 | .01%3 ] .003{-1.09| -.088] .02k | .002|-2.12 | ~. L0148 | .003
-.3 -.05 | 0136 .002] -.%8 | -.059 | .o127]| O002| -.68 ) -. 0136 | .003
.0 -.025| .0130 | .002] -.09| -.02k | o128 .002| -.06 | -.025] .o124| .o02
51 .005 | .o122 | .o02 51 003 | 0106 | .002 51 003] .o113] .ooe
1.0 039 .0t20 | .o01] 1. 63 036 | 0099 .001] 1.16 .033] .ow07| .001
1.5'8r 0681 .0120 {0 1. 070 | L0100 [O 1.73 .073| .0108| .o01L
2.13 .098 | 0118 [0 2.35 102 | .0105 {0 2.4 1091} LOLlk | O
2.67 129 | L0129 | -.001 | 2.83 1351 .0113 {0 2.99 Akl Lok o
3.26 ,160 | .01kl | -,001 i.k& a7 [ 0127 | -.001 2.63 a7k | L0136 F -.001
3'83 A91 | L0151 | -.008 .08 .203 | .0139 | -.002 .18 206 | .01% | -.002
.35 220 | .016k -.?o.sa k.60 235 | .0257 |- 002 k.o 2371 .0167 -.gg
h.95 250 | 063 | -. 5.17 263 | 0175 | - 5.27 268 .0285( -.
5.59 284 | .0203 |-.005] 5.76 29% {1 .0196 | ~. 5.88 298 | .0210 | -.005
6.08 320 | .0230 |-. 6.%0 .32% | o219 {-. 6.39 329 | .0233 [ -.
6.63 .3% | .0253 [-.007] 6.95 357 | L0252 |- 6.98 361 0262 -.007
7.69 e ,0312 |-.010 7.22 k17| .0303 |-.010] 8.01 23| L0323 -.010
8.78 x| o039 [-.012 | 8. k82 .eg'n. - 9.0k .h88{ .o392 | -.013
9.7 .530 | .ok50 {-.013 | 10.07 Sk3 | L0856 | ~.015  10.19 shg | .ok81 | -.016
10.86 . .0%33 [ -.017 | 11.16 .605 | ,05k9 {-.019 1 11.23 6L13] L0976 | -
11.83 Big | L0630 -.012 12.19 662 { 0645 |-.022 12.25 6721 0667 -.
12.92 3| 079k |- 13.31 W72k | L0765 | -.025 { 13.4T .T33| 0BT} -.
1k.98 Ah50 | -.021 ] 15.28 847 | L1172 | -.03k | 25.53 8%2 ] . -.030
17.06 8971 .25k | -.01T{1T.52 . 2173 | -.023 | 17. 923 | L2275 -.023
19.02 . 2772 | -.015 | 18.57 Slho | 2576 | -.023 | 19.60 9691 .2903 | -.023
20.99 . L3460 | -.02h [22.32 | 1.010 | .3LB1 |-.021]21.%5 998 1 .3hg0 [ -.
22,85 | 1.012 | .hooh {-.049 |23.1% | 1.025 goBB -.0l§
(b) Free transition
oo [alelalo]e <ol lala [[als]a
H = 0.60; R = 2,108 M = 0.80; R = 2,9x10° M= 0.90; R = 2,940°8 ¥ = 1.20; R = 2,9¢10°
-6.83 | -0.475] 0.0700 | 0.018 | 6.9% [ -0. 0.0793 | 0.026 |-T.02 {-0.547 |o.0303| 0.049 | -6.66 | -0.533 | 6.0876| 0.118
-6.30 | -. 0622 | .018 } -6.39 -.2?79 0705 | 025 |-6.48 --.ﬁz cmi 088 | -6.11{ -. .0T82| .108
576 | -. 351 «ai8 | 5.85 | -.b53 | .0632 oei -5.92 | -, L071h| .05 [-5.57| --.MM6 | .0693] .096
-2.22 =377 . .al6 :2.30 -.k18 a:z .02 3.37 -.k51 | .08 o2 -_-2.03 - L0626 .088
-k.67 ] -.382) .ohL 015 ] =380 ) JOMTT) .oe2 .82 | -.5h gga .038 48] -.362( .o5kk| o5
-ha2 | -.3081 .0358| .o13 | hiag| -.3k2 | .ow08 | .omo |-h.26. -.3@ .07} 036 -3.22 -.323 g&h . 065
-3.23 -. 306} .011 | -3.63 | -.303 | .o3%8| .ca7 |-3.70{ -.3 ohal| .033 [-3. -.283 | .0h25| .0%%
~2. -9k .o28| .oo7 [ 2,51 -.220| .o2%3 | .a1t -e.ag -.2h8 | .oem0| .01 |-2.32 -.202 .0327| .039
-1.39| -.122| .0150{ .ooh | -1.39) -.139} . L0056 ]-1. =152 { .0179| .010 {-1.23| -.12 L0257 .22
-.gg -.083( .m27]| .o02 ]| -.8] -.096| .0037] .003 -.8% | =203 | .01k5| .005 -.69 | -.08% | .0235( .ok
- -057] .ona7|o =53 | -.0t0| .ox2k | .002 -55 1 -.0r7 | .a132] .o003 -.49 [ -.06L] .0226] 009
0L -, L0106 | -.002 | -.03| -.028] .0112{~.002 - -.028 { .au18{ -.002 -.03| -.029 | .0216{ .002
301 - .onat | -.002 26 -.005 ] .010%{-.003 .26 | -.002 | .0110]| -.00h 26| =007 [ .0R12] -.002
.85 035 oog - 00k .92 o2 | L0097 | -.005 .95 ozu 0108 -.008 .83 .ok | (0216] -,012
1.95 L099( .oL -.00% | 2.08 L1210 ] L0106 -.007 | 2.10 dk2 | .o113) -.oL1 1.gz 20 | L0233 | -.028
2.51 JA36] o111 -~.005 | 2.62 159 ] L0113 | -.008 | 2.67 186 mzﬁ -0k [ 2.47 L1560 | L0249 -.ﬁ
3.0% .c120] -.006 | 3.18 198 | 0126 [ -.009 | 3.23 229 | k6| -1y | 3.01 199 | L0273 -.
Ejg .2 oLk | -.007 I3‘.?3 236 | 0146 | -.001 2.80 277 | .arr| -.022 | 3.55 239 | .05 ~.052
.1 .2h1| .ase | -.008 gﬂ 275 | 0166 | -.002 .38 .32k | Loe1s| -, k.09 278 o345 -.061
4,68 L269) L0165 -.009 | 4. .312| .0190 | -, 00k | k.95 E'a(i 0266 -.035 | 4.63 .37 .gﬁg -.07L
5,22 .302f .0187|-.000 | s5.%2 .353 | .oe20 -6 | 5.52 . .giah -.053 5.17 3% | . -.080
5.7 .336| .020]-.011 [ 5.9 1129 L0261 | -.017 | 6.10 77 | Lokz) -, 5.7 .396 | .o500 | -.090
6.30 .i—(o .02ko -.o:.i 6.52 . gagg -.018 | 6.67 525 | L0503 ( -.06k% | 6.25 435 ] L0567 | -.099
T.Bg Ji3k| o303 | -. T.65 51593 . - T.80.| .615 | .o72%| -.080 ggg 517 | .0126] -.118
8. ggg 0395 | ~.018 | 8.76 . 0661 { -.030 . 597 | o911 -.135
10.65 . L0891 | ~.002 | 10.87 661 | 111k -.ga(l) 10.60 . L1359 | -.1%6
12,81 Rg k21 | -.023 | 13.03 .'ergz 1625 | -,
k.92 . <1957 | ~.020 } 15.13 . .2106 | -.043
17.00 891 .2%00 | -. 17.21 el . =056
18,02 905 .2749 | -.033 | 18.2k .900 283 -, 064
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(a) Ordinates.

Figure l.- Design charts for the determination of a modified conically
cambered surface.
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Figure 3.- Comparison of normal and modified leading-edge radii for

- sweptback wing.
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(a) o] vs. Reynolds number.
Figure 5.- Effect of fixing transition on the varistion of drag charac-

teristics with Reynolds number for e S-percent-thick plane itriangular
wing.
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Figure 1k.- Variastion of incremental dvag coefficie%t due to camber with
design 1lift coefficient for & 5-percent-thick 45~ sweptback wing with

fixed transition; R = 2.9x1.0°.
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